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ABSTRACT 

DAC Report  No. SM-46979, S-IVB-206 S tage  F l i g h t  T e s t  P l a n  

documents t h e  Douglas requirements  and r e s p o n s i b i l i t i e s  

r e l a t i v e  t o  t h e  S-IVB-206 s t a g e  of t h e  AS-206 v e h i c l e  f l i g h t  

t e s t  t h a t  w i l l  be conducted by NASA a t  t h e  Kennedy Space 

Center .  The t e s t  p l a n  d e f i n e s  DAC suppor t  a c t i v i t i e s  and 

r e p o r t s  r e q u i r e d  under  NASA Cont rac t  NAS7-101. S t a g e  

performance and miss ion  o b j e c t i v e s  a r e  d e f i n e d ;  each 

i n c l u d e s  c r i t e r i a  f o r  i t s  e v a l u a t i o n .  

DESCRIPTORS 

AS-206 miss ion '  sequence of e v e n t s  

S-IVB-206 s t a g e  miss ion  mass c h a r a c t e r i s t i c s  

c o n f i g u r a t i o n  p r e d i c t e d  f l i g h t  performance 

CPIF ( c o s t  p l u s  i n c e n t i v e  f e e )  5-2 eng ine  
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This document presents the DAC flight test plan for the 

S-IVB-206 stage. In general, it provides information 

and direction to DAC personnel at Huntington Beach, Florida 

Test Center, and Marshall Space Flight Center. 

Detailed descriptions of the following are included in this 

document: vehicle mission, stage objectives, CPIF technical 

performance criteria, stage configuration, basic differences 

from the S-IVB-205 stage, instrumentation and measurement 

requirements, propellant loading requirements, sequence of 

events, and mass characteristics. Propulsion system per- 

formance predictions are also included in accordance with 

the requirements of NASA/MSFC contract letter I-V-S-IVB- 

TD-66-45, dated 7 July 1966. 

Documentation used in support of data contained in this test 

plan are listed in appendix 11. 

This report was prepared by the Saturn S-IVB Test Planning 

and Evaluation Committee at the Huntington Beach Space 

Systems Center for the National Aeronautics and Space 

Administration. It was authorized by NASA Contract NAS7-101 

and issued in accordance with the contractual requirements 

of DAC Report No. SM-41410, Data Submittal Document Saturn 

S-IVB System, revised 1 December 1965. 
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1. IKTRODUCTION 

This document delineates the requirements and responsibilities of the 

Douglas Aircraft Company, Inc. (DAc) in support of the flight test 

program of the S-IVB stage of the Saturn IB vehicle AS-206. The overall 

flight test program (with contractor participation) will be conducted by 

National Aeronautics and Space Administration (NASA) at the Kennedy 

Space Center (KSC), Florida. 

1.1 Background 

The S-IVB-206 stage was assembled at DAC/Huntington Beach (HB), Calif- 

ornia, where production tests of components and systems were accomplished. 

The stage was then transported to DAC/Sacramento Test Center (STC), 

where the acceptance firing test program was conducted. This program 

consisted of manual and automatic subsystem checkouts, integrated sys- 

tems tests, a simulated acceptance firing countdown, and an automatic 

propellant loading test. A full duration acceptance firing test followed 
c 

these preliminary testa. The firing demonstrated the adequacy of the 

S-IVB-206 stage systems to perform at sea level conditions. Postfire 

checkout included manual leak checks, functional tests, and an all sys- 

tems test (AST) using stage internal power (battery simulator) and a 

simulated instrument unit. The stage was then shipped to DAC/Florida 

Test Center (FTC) and upon arrival subjected to post transportation 

receiving inspections and then mated to the assigned after inter- 

stage. At the time of launch, the S-IVB-206 stage will also have under- 

gone prelaunch stage systems checkouts and integrated launch and space 

vehicle systems tests. (See figure 1-1 for test history of S-IVB-206.) 

1.2 Flight Test Plan Definition 

Saturn vehicle AS-206 will be the fifth Saturn IB flight vehicle, It 

will be launched from KSC Launch Complex 37B on a multiple orbit mission, 

the basic purpose of which is to verify lunar module (LM) subsystems 

operation, fire-in-the-hole abort, and LM staging characteristics, 
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The S-IVB-206 s t a g e  f l i g h t  t e s t ,  as d e f i n e d  i n  t h i s  t e s t  p l a n ,  w i l l  be  

l i m i t e d  t o  t h e  S-IVB c o n t r i b u t i o n ,  a s  t h e  second s t a g e  of t h e  space  

v e h i c l e ,  toward t h e  accomplishment of t h e  AS-206 f l i g h t  m i s s i o n .  

DAC p a r t i c i p a t i o n  and a c t i v i t i e s  d e l i n e a t e d  by t h i s  document encompasses 

t h e  fo l lowing  a r e a s :  (1) l aunch  o p e r a t i o n s ,  (2) i n f l i g h t  moni tor ing of 

t h e  S-IVB-206 s t a g e ,  (3)  p o s t f l i g h t  e v a l u a t i o n  of m i s s i o n  o b j e c t i v e s ,  

(4) s u b m i t t a l  of i n f o r m a l  e v a l u a t i o n  i n p u t s  t o  MSFC f l i g h t  e v a l u a t i o n  

working group, and (5) w r i t i n g  and p u b l i s h i n g  DAC Report  No. SM-46991, 

S-IVB-206 S t a g e  F l i g h t  E v a l u a t i o n  Report .  

I n  g e n e r a l ,  t h i s  document p rov ides  in format ion  and d i r e c t i o n  t o  t h e  DAC 

S a t u r n  S-IVB T e s t  P lann ing  and Eva lua t ion  (TP&E) Committees a t  DAC/HB 

and FTC, and t o  t h e  f l i g h t  e v a l u a t i o n  l i a i s o n  team a t  Marsha l l  Space 

F l i g h t  Cen te r  (MSFC), H u n t s v i l l e ,  Alabama. Th is  i n f o r m a t i o n  i n c l u d e s  

v e h i c l e  miss ion ( s e c t i o n  2 ) ,  s t a g e  o b j e c t i v e s  ( s e c t i o n  3 ) ,  s t a g e  

con£ i g u r a t i o n  ( s e c t i o n  4) , i n s t r u m e n t a t i o n  ( s e c t i o n  5 )  , t e s t  management 

( s e c t i o n  6 ) ,  and CPIF c o n t r a c t  t e c h n i c a l  performance c r i t e r i a  ( s e c t i o n  7 ) .  

D e t a i l e d  p r e d i c t e d  d a t a  r e g a r d i n g  t h e  AS-206 f l i g h t  and a d d i t i o n a l  

p e r t i n e n t  i n f o r m a t i o n  a r e  p r e s e n t e d  i.n t h e  appendices .  
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2. MISSION 

The Sarurn AS-206 is che fifth Saturn IB fligllt vehicle aiid will be the 

first operational vehicle in the Apollo flight program. It will be the 

first flight of the lunar module (LM), the basic purpose of which will 

be to insert the payload into orbit to evaluate LM subsystems operation, 

fire-in-the-hole abort, and LM staging characteristics. 

This section presents the vehicle mission objectives and mission descrip- 

tion, and section 3 of this document presents the associated S-IVB stage 

objectives. 

2.1 Mission Objectives 

Primary objectives are those which are mandatory. Malfunctions of 

spacecraft, launch vehicle systems, ground equipment, or instrumentation 

which would result in failure to achieve these objectives will be cause 

to hold or cancel the mission until the malfunction has been eliminated. 

Secondary objectives are those which are desirable but not mandatory. 

Malfunctions which may result in failure to attain these objectives may 

be cause to hold or cancel the mission as indicated in the mission rules. 

The primary mission objectives as listed in the Apollo Flight Mission 

Assignments (reference 1);k are to: 

a. Verify operation of the following LM subsystems: guidance 

and navigation (G&N); stabilization and control system (SCS); 

reaction control system (RCS); ascent propulsion stage and 

descent propulsion stage (DPS), including restart; electrical 

power system (EPS); structure; environmental control system 

(ECS); and communications (LMImanned space flight network) 

b. Evaluate LM fire-in-hole abort 

c. Verify uprated H-1 engine performance 

The primary and secondary test objectives as presented in the Apollo- 

Saturn IB Program Support Requirements document (reference 2) are to: 

* Detailed information regarding the document can be obtained in 
appendix 11 (~eferences). 
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Primary objectives - 
a. -~ verify LM subsystems operatioa after launch vehicle boost and 

during and after LM propulsion system operation 

b. Evaluate flight control systems ( G & N ,  SCS, RCS) performance 

and operation at design inertias 

c. Determine performance and operational characteristics of the 

EPS, ECS, and operational instrumentation subsystems in earth 

orbit 

d. Determine LM communications subsystem performance operation, 

and manned space flight network compatibility 

e. Evaluate DPS and ascent propulsion stage subsystems operation 

following orbital soaks, including throttle and gimbal control, 

and demonstrate DPS and ascent propulsion stage restart 

f. Demonstrate fire-in-the-hole abort and evaluate the in-flight 

dynamics (staging characteristics), pressure distribution, and 

thermal distribution of the ascentldescent stages during staging. 

Secondary objectives 

a. Demonstrate DPS and ascent propulsion stage operation at low 

propellant quantities 

b. Demonstrate operation of the LM mission programmer. 

The AS-206 Flight Mission Directive (reference 3) was not available at 

the time of this publication but will be included in a subsequent revision. 

2.2 Mission Description 

The primary mission of the AS-206 launch vehicle is to inject the LM 

into an 85 to 120 nmi elliptical orbit (figure 2-1). 

The vehicle will be launched from Kennedy Space Center, launch complex 

37B, on a 100 deg launch azimuth and will rise vertically for 10 sec 

after which a roll maneuver will be initiated to align the vehicle in a 

72 deg flight azimuth plane and pitch to obtain zero angle of attack 

during the region of maximum dynamic pressure. The maximum dynamic 
2 pressure of 740 lbf/ft will occur at approximately 75 sec. At 142 sec 
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after liftoff the S-IBIS-IVB stages will separate, utilizing ullage 

rocke~s to setile tlle S-IVB stage propellants and retr~rcckets to back 

the S-IB stage and interstage away from the S-IVBIinstrument unit/ 

spacecraft (S-IVB/IU/SC). The inertial attitude of the vehicle will be 

held constant from 10 sec prior to S-IB outboard engine cutoff to the 

time of ullage rocket jettison (approximately 154 sec), when the 

iterative guidance mode will be initiated. The S-IVB stage engine 

ignition will occur at approximately 144 sec after liftoff and engine 

cutoff will occur when the conditions of vehicle velocity and altitude 

are such that after end of thrust decay the vehicle will be in an 

85 to 120 nmi elliptical orbit. This will occur at approximately 

599 sec after liftoff. The vehicle will be maintained at a constant 

inertial attitude to minimize cutoff attitude transients from 2 sec 

prior to S-IVB cutoff to orbit insertion. 

Immediately after insertion, the S-IVB will pitch the S-IVB/IU/SC com- 

bination 0.5 deg/sec until establishment of a zero degree attitude 

between its roll axis and the local horizontal. Following completion of 

this maneuver, an average orbital rate will be imparted to maintain the 

roll axis parallel to the local horizontal. At approximately 50 min 

after insertion, the S-IVB will inertially stabilize the vehicle for 

7 min to allow normal LM separation. After the 7 min hold, the S-IVB 

will return the spacecraft to the local horizontal attitude for 40 min 

and will again inertially stabilizb the configuration for 7 min to allow 

backup LM separation from the S-IV~/LU, after which the S-IVB will 

orient itself in a retrograde attitude with respect to the local hori- 

zontal by maneuvering at 0.5 deg/sec, After the retrograde attitude is 

attained, the average orbital rate will again be established to maintain 

the roll axis parallel to the local horizontal for the remainder of the 

mission. 

After separation from the S-IVB/IU, the LM will continue for nine orbits 

to evaluate LM subsystem operation, during which descent propulsion system 

burns and ascent propulsion system burns will be performed. An ascent 

propulsion system fire-in-the-hole abort test will be conducted; and 

several orbit transfer tests will also be performed by the LMIascent 

propulsion system during the remaining orbits. 
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Tables  2-1 through 2-4 p r e s e n t  a  f l i g h t  mass summary and DAC p r e d i c t e d  

t r a j e c t o r y  paramete rs  a t  significant t imes .  F i g u r e s  2-2 and 2-3 p r e s e n t  

g r a p h i c a l  r e p r e s e n t a t i o n s  of p r e d i c t e d  S-IB and S-IVB f l i g h t  t r a j e c t o r i e s .  

The t r a j e c t o r y  i n f o r m a t i o n  p r e s e n t e d  i n  t h i s  s e c t i o n  i s  based on MSFC 

Memorandum R-AERO-DAB-66-66 "AS-206 Revised Reference T r a j e c t o r y , "  

d a t e d  22 J u l y  1966 and does n o t  r e f l e c t  t h e  changes i n  t r a j e c t o r y  due 

t o  t h e  f i n a l  p r o p u l s i o n  p r e d i c t i o n s  p r e s e n t e d  i n  appendix 5.  T h e r e f o r e ,  

some of t h e  sequence of even t  t imes  p r e s e n t e d  i n  t a b l e  2-1, appendix 2 ,  

and appendix 5 a r e  n o t  compat ible  w i t h  t h e  t r a j e c t o r y  i n f o r m a t i o n ,  Th is  

i s  a l s o  a p p l i c a b l e  t o  t h e  f l i g h t  t imes  p r e s e n t e d  i n  appendix I. 
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TABLE 2-2 
PREDICTED CONDITIONS AT AS-206 MAXIbIUM DYNAMIC PRESSURE 

Flight time (t) 

Dynamic pressure ( q )  

Altitude (h) 

Angle of attack ( a )  
I I I 1 

TABLE 2-3 
PREDICTED CONDITIONS AT AS-206 S-IBIS-IVB SEPARATION 

Interial velocity (VI) 

Inertial flight path elevation 

Inertial azimuth 

Angle of attack (a) 

Altitude (h) 
I I I I 

TABLE 2-4 
PREDICTED CONDITIONS AT S-IVB CUTOFF 

Flight time (t) 

Inertial velocity (VI) 

Inertial flight path elevation 

Inertial azimuth 

Angle of attack (a) 
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3 .  STAGE OBJECTIVES 

This section defines the S-LVB stage powered flight and orbital 

objectives of the AS-206 mission. The stage objectives describe the 

evaluation to be accomplished exclusively by DAC and do not completely 

satisfy the mission objectives presented in section 2. These will be 

satisfied by the cumulative evaluation efforts of MSFC, DAC, and other 

Saturn program contractors and reported in the MSFC vehicle report. 

The purpose of the S-IVB stage objectives is to verify the adequacy of 

the performance of the S-IVB-206 stage airframe and systems. 

3.1 Structural Airframe 

Verify the structural integrity of the S-IVB stage during all phases of 

the mission. This objective will be achieved in postflight studies, 

using available flight data, by evaluating the structural performance 

of the following components: 

a. Forward skirt assembly 

b. LH2 tank assembly 

c. LOX tank assembly 

d. Engine thrust structure 

e. Aft skirt assembly 

f. Aft interstage assembly 

g. Common bulkhead 

3.2 Main Propulsion System 

Verify the main propulsion system operations during prelaunch, launch, 

boost, and powered flight. This objective will be achieved by evaluation 

of the following: 5-2 engine, LH2 system, LOX system, and pneumatic 

control and purge systems. Predicted propulsion system performance 

curves are presented in figures AP 5-1 through AP 5-31. Predicted 

propulsion system performance parameters are presented in table AP 5-1. 
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3.2.1 5-2 Engine Performance and Conditioning 

Determination of the performance characteristics of the 5-2 engine will 

be verified by evaluating the: 

a. Engine thrust chamber 

(1) Chilldown time 

(2) Thermal gradients 

b. Response of associated structure to engine chilldown 

S-IBIS-IVB interstage environment 

Engine start sphere 

(1) Chilldown and loading 

(2) Conditions in sphere at liftoff and Engine Start Command 

(3) Mass used for engine start 

(4) Warmup rate from pressurization to liftoff and during 

S-IB boost 

Engine control helium sphere 

(1) Prepressurization and loading 

(2) Conditions at liftoff and Engine Start Command (ESC) 

(3) Warmup rate from liftoff and during S-IB boost 

Retro and ullage rocket plume impingment effect on engine 

during S-IB separation 

Engine sequencing 

Thrust buildup characteristics during engine start transient 

Thrust characteristics during steady-state operation 

Thrust decay characteristics following Engine Cutoff Command 

Total impulse 

Start impulse 

Cutoff impulse 

Propellant consumption using flow integration and the thrust 

profile for flight performance reconstruction 

Engine horsepower extrzction during mainstage. 
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3 . 2 . 2  LH2 System 

Demonstrat ion of t h e  s a t i s f a c t o r y  o p e r a t i o n  of t h e  LH2 p r o p e l l a n t  f e e d  

sys tem and t h e  LH2 v e n t  sys tem w i l l  be  v e r i f i e d  by:  

a .  LH2 p r o p e l l a n t  f e e d  sys tem 

(1) S u f f i c i e n t  f u e l  and n e t  p o s i t i v e  s u c t i o n  head (NPSH) t o  t h e  

5-2 eng ine  f o r  s a t i s f a c t o r y  o p e r a t i o n  

(2) Loading r a t e s  and t ank  u l l a g e  p r e s s u r e  t o  s a t i s f y  p re launch  

l o a d i n g  o p e r a t i o n  requ i rements  

(3)  P r e p r e s s u r i z a t i o n  of the  LH2 tank  p r i o r  t o  l aunch  

(4 )  T r a n s i t i o n  from ground p r e p r e s s u r i z a t i o n  t o  onboard f l i g h t  

p r e s s u r i z a t i o n  sys tem t o  p r o v i d e  t a n k  u l l a g e  p r e s s u r e  d u r i n g  

eng ine  o p e r a t  i o n  

(5) Condi t ions  of  p r o p e l l a n t  s u p p l i e d  t o  t h e  5-2 eng ine  LH2 pump 

i n l e t  d u r i n g  p r e s  t a r t  and s t eady-s  t a t e  o p e r a t i o n  

(6)  LH2 r e c i r c u l a t i o n  chi l ldown 

( 7 )  NPSH d e l i v e r e d  t o  t h e  5-2 engine  i n t e r f a c e  

b.  LH2 v e n t  sys tem 

(1)  Required t a n k  p r e s s u r e s  a f t e r  J-2 eng ine  c u t o f f  

(2) Nonpropuls ive  v e n t  (NPV) sys tem f l o w r a t e  

(3) NPV system t h r u s t  and t h r u s t  imbalance 

( 4 )  Tank d e p r e s s u r i z a t i o n  r a t e  

(5) Heat i n p u t  r a t e s .  

3 . 2 . 3  LOX System 

Demonstrat ion of t h e  c a p a b i l i t y  of t h e  o x i d i z e r  s y s  tem t o  p r o v i d e  

s u f f i c i e n t  o x i d i z e r  and NPSH t o  t h e  5-2 eng ine  f o r  s a t i s f a c t o r y  o p e r a t i o n  

w i l l  b e  v e r i f i e d  by:  

a ,  Loading r a t e s  and t ank  u l l a g e  p r e s s u r e  t o  s a t i s f y  p re launch  

l o a d i n g  requ i rements  

b .  P r e p r e s s u r i z a t i o n  of t h e  o x i d i z e r  t a n k  p r i o r  t o  l aunch  
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c.  T r a n s i t i o n  from ground p r e p r e s s u r i z a t i o n  t o  onboard f l i g h t  

p r e s s u r i z a t i o n  t o  p r o v i d e  t a n k  u l l a g e  p r e s s u r e  d u r i n g  e n g i n e  

o p e r a t i o n  

d. P r e s s u r i z a t i o n  c o n t r o l  module o p e r a t i o n  

e .  Cold hel ium supply  

f .  5 - 2  h e a t  exchanger performance 

g.  LOX pump chi l ldown and r e c i r c u l a t i o n  

h.  Condi t ions  of LOX s u p p l i e d  t o  t h e  engine pump i n l e t  d u r i n g  

p r e s t a r t  and s t e a d y - s t a t e  o p e r a t i o n  

i. NPSH d e l i v e r e d  t o  t h e  5-2 eng ine  i n t e r f a c e  

j . LOX b o i l o f f  

k .  Tank d e p r e s s u r i z a t i o n  r a t e  fo l lowing  5-2 eng ine  shutdown and 

vent  v a l v e  a c t u a t i o n .  

3 .2 .4  Pneumatic Cont ro l  and Purge System 

Demonstration of t h e  c a p a b i l i t y  of t h e  pneumatic c o n t r o l  and purge  sys tem 

t o  p r o v i d e  pneumatic power and purge gas  throughout t h e  miss ion  w i l l  b e  

v e r i f i e d  by: 

a ,  The ambient hel ium supply  

b ,  The r e g u l a t i o n  of c o n t r o l  p r e s s u r e  

c.  Ac tua t ion  of pneumatic v a l v e s  

d.  Helium purge p r e s s u r e  and f low f o r  t h e  LH2  and LOX turbopump 

purges  d u r i n g  p re launch  o p e r a t i o n s  

e .  LOX r e c i r c u l a t i o n  chi l ldown pump motor c o n t a i n e r  purge p r e s s u r e .  

3 .3  P r o p u l s i o n  System Performance 

V e r i f i c a t i o n  of t h e  c o m p a t i b i l i t y  of t h e  observed t r a j e c t o r y  and S-IVB 

p r o p u l s i o n  system performance w i l l  be achieved by de te rmin ing  t h e  

f o l l o w i n g  from t r a j e c t o r y  d a t a :  

a .  S - IVB s t a g e  t h r u s t ,  s p e c i f i c  impulse,  and mass f low 
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b .  Vehic le  mass a t  i g n i t i o n  and c u t o f f  

c .  S-IVB s t a g e  t h r u s t  v e c t o r  misalignment.  

3 , 4  A u x i l i a r y  P r o p u l s i o n  System 

Ver i fy  t h e  a b i l i t y  of t h e  a u x i l i a r y  p r o p u l s i o n  system (APS) t o  p rov ide  

t h r u s t  on demand f o r  r o l l  c o n t r o l  d u r i n g  S-IVB 5-2 eng ine  burn,  and 

p i t c h ,  yaw and r o l l  c o n t r o l  f o r  t h e  remainder of t h e  miss ion.  This  w i l l  

be determined by e v a l u a t i o n  of t h e :  

a .  P r o p e l l a n t  l o a d i n g  r a t e s  and t h e  u l l a g e  and p r o p e l l a n t  tank 

p r e s s u r e s  dur ing  l o a d i n g  o p e r a t  ions  

b.  Loading r a t e  f o r  t h e  hel ium supply s p h e r e  

c. P r e s s u r i z a t i o n  of t h e  p r o p e l l a n t  t anks  t o  f l i g h t  p r e s s u r e  

d. Response of t h e  eng ines  t o  s t a g e  commands d u r i n g  p r e f l i g h t  

checkouts and powered f l i g h t  

e .  Value of t h e  minimum impulse  b i t  

f .  APS sys tem performance i n  space  environment.  

3 .5 Ul lage  Rockets 

Ver i fy  t h e  c a p a b i l i t y  of t h e  u l l a g e  r o c k e t s  t o  p r o v i d e  s u f f i c i e n t  t h r u s t  

f o r  p r o p e l l a n t  s t a b i l i z a t i o n  d u r i n g  s e p a r a t i o n  and t h e  5-2 eng ine  s tar t  

t r a n s i e n t .  Th i s  w i l l  be v e r i f i e d  by e v a l u a t i o n  of t h e :  

a.  Response of u l l a g e  r o c k e t s  t o  i g n i t i o n  s i g n a l  

b.  P roper  j e t t i s o n i n g .  

3 .6  R e t r o r o c k e t s  

Ver i fy  t h e  c a p a b i l i t y  of t h e  r e t r o r o c k e t s  t o  p r o v i d e  s u f f i c i e n t  t h r u s t  

f o r  S-IBIS-IVB s e p a r a t i o n .  This  w i l l  be  done by de te rmin ing :  

a .  Response of r e t r o r o c k e t s  t o  i g n i t i o n  s i g n a l  

b ,  Chamber p r e s s u r e  v e r s u s  t ime. 
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3.7 Hydrau l ic  System 

V e r i f i c a t i o n  of t h e  h y d r a u l i c  sys tem performance d u r i n g  powered f l i g h t :  

Th i s  o b j e c t i v e  w i l l  be  achieved by: 

a .  Determining t h a t  adequate  p r e s s u r i z e d  f l u i d  f low was a v a i l a b l e  

t o  t h e  s e r v o - a c t u a t o r  and t h a t  h y d r a u l i c  sys tem p r e s s u r e s  were 

mainta ined w i t h i n  expected l i m i t s  ( f i g u r e  AP 8-1) 

b.  V e r i f y i n g  t h a t  t h e  f l u i d  temperature  was main ta ined  w i t h i n  

a c c e p t a b l e  l i m i t s  d u r i n g  system o p e r a t i o n  ( f i g u r e  AP 8-1) 

c. V e r i f y i n g  t h e  adequacy of a c t u a t o r  a r t i f i c i a l  damping mechanism 

performance 

d. Determining t h e  magnitude of I U  command e r r o r s  j u s t  p r i o r  t o  

s w i t c h i n g  guidance t o  S-IVB burn mode 

e. E v a l u a t i n g  t h e  adequacy o f  p r e s e n t  compensation f o r  t h r u s t  v e c t o r  

d e f l e c t i o n  e r r o r s  caused by t h e  m a n u f a c t u r e r ' s  t o l e r a n c e  i n  t h e  

gimbal and t h r u s t  s t r u c t u r a l  compression e f f e c t s  

f .  V e r i f y i n g  p roper  p i t c h  and yaw a c t u a t o r  responses  t o  commands. 

The t empera tu re  of t h e  h y d r a u l i c  system a u x i l i a r y  pump, t h e  a i r  b o t t l e  

p r e s s u r e ,  and r e s e r v o i r  l e v e l  w i l l  be  monitored d u r i n g  c o a s t .  Also 

dur ing  c o a s t  t h e  fo l lowing  w i l l  be e v a l u a t e d :  

a. The magnitude of I U  command e r r o r s  i n  t h e  S-IVB non-burn mode 

b .  Ac tua to r  d e f l e c t i o n s .  

3 .8  F l i g h t  C o n t r o l  Systems 

V e r i f i c a t i o n  of t h e  p roper  o p e r a t i o n  of f l i g h t  c o n t r o l  sys tems d u r i n g  

powered f l i g h t  and o r b i t a l  c o a s t  w i l l  be  achieved by: v e r i f i c a t i o n  of 

t h e  p r o p e r  o p e r a t i o n  of t h e  t h r u s t  v e c t o r  c o n t r o l  sys tem and t h e  a u x i l i a r y  

a t t i t u d e  c o n t r o l  sys tem,  and comparison of t h e  p r o p e l l a n t  s l o s h i n g  

f r e q u e n c i e s  w i t h  those  p r e d i c t e d  ( f i g u r e  AP 7-3). 
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3 .8 .1  Thrus t  Vector  Cont ro l  System 

Demonstration of t h e  p roper  performance of t h e  main eng ine  c o n t r o l  sys tem 

d u r i n g  S-IVB powered f l i g h t  w i l l  be achieved by e v a l u a t i o n  of t h e  

fo l lowing :  

a .  Response of t h e  t h r u s t  v e c t o r  c o n t r o l  loop t o  commands from t h e  

guidance c o n t r o l  computer 

b .  P roper  response  of t h e  shap ing  networks and s e r v o - a m p l i f i e r  t o  

commands from t h e  d a t a  a d a p t e r  

c .  Demonstrate o v e r a l l  c o n t r o l  s t a b i l i t y  d u r i n g  S-IVB f l i g h t ,  

i n c l u d i n g  c o n t r o l a b i l i t y  immediately a f t e r  s e p a r a t i o n  

d. S imula t ion  of t r a n s i e n t  r e g i o n s  of f l i g h t .  

3 .8 .2  A u x i l i a r y  A t t i t u d e  Cont ro l  System 

V e r i f i c a t i o n  of c o n t r o l  sys tem s t a b i l i t y  and e v a l u a t i o n  of performance 

d u r i n g  S-IVB powered f l i g h t  and o r b i t a l  c o a s t  w i l l  be  achieved by 

c o n s i d e r a t i o n  of the  fo l lowing  : 

a .  S imula t ion  of a c t u a l  APS f i r i n g s  and a t t i t u d e  e r r o r s  

b .  Comparison between t h e o r e t i c a l  and a c t u a l  c o n t r o l  sys tem 

phase  p l a n e s  

c. Comparison between a c t u a l  and a l l o c a t e d  impulse usage f o r  

v e h i c l e  maneuvers and d i s t u r b a n c e s .  

3 .9  S tage  S e p a r a t i o n  

Ver i fy  c l e a r a n c e  d i s t a n c e  between s t a g e s  d u r i n g  s e p a r a t i o n .  P r e d i c t e d  

s t a g e  s e p a r a t i o n  d i s t a n c e  and p r o b a b i l i t y  of s u c c e s s f u l  o p e r a t i o n  a r e  

p resen ted  i n  f i g u r e s  AP 7-6 and AP 7-7. 

T h i s  o b j e c t i v e  w i l l  be  achieved by de te rmin ing  t h e  fo l lowing :  

a .  L a t e r a l  c l e a r a n c e  between s t a g e s  

b .  S e p a r a t i o n  d i s t a n c e  h i s t o r y  between s t a g e s  

c ,  Causes of observed motion by s i m u l a t i o n  of s t a g e  a t t i t u d e  r a t e s  

and a c c e l e r a t i o n s .  
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3 .10  Data A c q u i s i t i o n  System 

Ver i fy  t h a t  t h e  d a t a  a c q u i s i t i o n  sys tem performed w i t h i n  d e s i g n  t o l e r a n c e s ,  

The achievement of t h i s  o b j e c t i v e  w i l l  be  v e r i f i e d  by e v a l u a t i o n  of d a t a  

and of t h e  performance of t h e  fo l lowing :  

a .  Radio f requency  (RF) system 

b.  Telemetry system 

c. I n s t r u m e n t a t i o n  s y s  tem 

d. Data v a l i d i t y .  

3 .10 .1  RF System 

V e r i f y  t h e  p r o p e r  o p e r a t i o n  of t h e  RF system by e v a l u a t i o n  of t h e  

fo l lowing :  

a .  RF s i g n a l  s t r e n g t h  a t  ground s t a t i o n s ,  h o r i z o n t a l  and v e r t i c a l  

p o l a r i z a t i o n  energy of each of t h e  RF f r e q u e n c i e s  t o  determine 

r a d i a t e d  power 

b .  RF power ou tpu t  of t h e  t r a n s m i t t e r  assembly measured by means 

of d i r e c t i o n a l  c o u p l e r s  and RF power d e t e c t o r s  

c.  Vol tage  s t a n d i n g  wave r a t i o  (VSWR) computed from forward and 

r e f l e c t e d  power d a t a  ob ta ined  from t h e  b i - d i r e c t i o n a l  c o u p l e r  

and RF power d e t e c t o r s  

d. E f f e c t  of f lame a t t e n u a t i o n  by measuring s i g n a l  s t r e n g t h  a t  

ground s t a t i o n s  and computing t h e  s i g n a l  a t t e n u a t i o n .  

3.10.2 Telemetry  System 

Ver i fy  t h e  t e l e m e t r y  subsystem performance.  The achievement of t h i s  

o b j e c t i v e  w i l l  be  v e r i f i e d  by c o n s i d e r a t i o n  of t h e  fo l lowing :  

a. V e r i f i c a t i o n  of t h e  c o m p a t i b i l i t y  of t h e  d a t a  fo rmat ,  s i g n a l  

s y n c h r o n i z a t i o n ,  and system c a l i b r a t i o n s  w i t h  t h e  d a t a  r e d u c t i o n  

equipment u t i l i z i n g  p re launch  d a t a .  During f l i g h t ,  checks are 

made t o  determine s y n c h r o n i z a t i o n  between d a t a  r e d u c t i o n  systems 

and incoming d a t a  
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b .  Examinat ion  of  PCM d a t a  c h a n n e l s  and s y n c h r o n i z a t i o n  words t o  

v e r i f y  c o n s i s t e n c y  and p r o p e r  o p e r a t i o n  o f  ground equipment ,  

3 , 1 0 . 3  I n s t r u m e n t a t i o n  System 

V e r i f y  t h e  pe r fo rmance  of  t h e  i n s t r u m e n t a t i o n  sys t em.  The achievement  o f  

t h i s  o b j e c t i v e  w i l l  b e  v e r i f i e d  by e v a l u a t i n g  t h e  f o l l o w i n g :  

a .  P u l s e  code  m o d u l a t i o n  (PCM) d a t a  f o r  p r o p e r  f o r m a t  

b .  The s y s t e m  r e s p o n s e  t o  c a l i b r a t i o n  commands. 

3 . 1 0 . 4  Da ta  V a l i d i t y  

V e r i f y  t h e  v a l i d i t y  of  d a t a  from t h e  d i g i t a l  d a t a  a c q u i s i t i o n  s y s t e m  

(DDAS), The achievement  of  t h i s  o b j e c t i v e  w i l l  b e  e s t a b l i s h e d  by 

d e t e r m i n a t i o n  of  d a t a  v a l i d i t y  on a  channel -by-channel  b a s i s  f rom t h e  

PCM/DDAS sys tem.  

3 . 1 1  E l e c t r i c a l  C o n t r o l  System 

V e r i f y  p r o p e r  pe r fo rmance  o f  t h e  e l e c t r i c a l  c o n t r o l  s y s  tem by e v a l u a t i o n  

of  t h e  o p e r a t i o n  o f  t h e  f o l l o w i n g :  

a. Swi t ch  s e l e c t o r  

b.  Sequence r  

c .  C o n t r o l  d i s t r i b u t o r s  

d. Power d i s t r i b u t o r s  

e. P r e s s u r e  s w i t c h e s  

f ,  EBW and r a n g e  s a f e t y  equipment  

g .  I n t e r c o n n e c t i n g  c a b l e s .  

3 .12  P r o p e l l a n t  U t i l i z a t i o n  

The s y s t e m  pe r fo rmance  w i l l  b e  v e r i f i e d .  T h i s  w i l l  b e  a c h i e v e d  by 

e v a l u a t i n g  t h e  PU s y s  t e m  a s  u t i l i z e d  i n  a p r o p e l l a n t  l o a d i n g  mode and f o r  

i n f l i g h t  p r o p e l l a n t  management as d e f i n e d  by t h e  c r i t e r i a  l i s t e d  h e r e i n .  

(S-IVR-206 p r o p e l l a n t  l o a d i n g  d a t a  a r e  g i v e n  i n  append ix  6 , )  
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a .  Demonstrate t h a t  t h e  PU system i n d i c a t e d  p r o p e l l a n t  l o a d  i s  

w i t h i n  1 p e r c e n t  of t h e  a c t u a l  p r o p e l l a n t  l o a d  i n  each tank a s  

determined by t h e  s t a t i s t i c a l  weighted average p r o p e l l a n t  

mass h i s  t o r y  

b.  Demonstrate t h e  a b i l i t y  of t h e  PU system t o  p r o v i d e  p r o p e l l a n t  

management, and t o  d e p l e t e  r e s i d u a l s  ( w i t h i n  575 lbm o r  l e s s  

u s a b l e  p r o p e l l a n t )  a s  e x t r a p o l a t e d  from t h e  c o n d i t i o n s  e x i s t i n g  

a t  c u t o f f  

c. Demonstrate c losed- loop PU o p e r a t i o n  i n  t h e  programmed mix ture  

r a t i o  (PMR) mode w i t h  h igh  eng ine  mixture  r a t i o  (EMR) f o r  

280 (+45) - s e c  from Engine S t a r t  Command fol lowed by a  cutback t o  

a  nominal r e f e r e n c e  mix ture  r a t i o  of 4.70 f o r  t h e  d u r a t i o n  of 

t h e  powered f l i g h t .  

3.13 Range S a f e t y  System 

The performance w i l l  b e  v e r i f i e d  by p roper  o p e r a t i o n s  of t h e  range s a f e t y  

sys tem f o r  normal f l i g h t ,  o r  f o r  t e r m i n a t i o n  of an abnormal f l i g h t  by 

t h e  fo l lowing  c r i t e r i a :  

a.  Normal f l i g h t  

(1) An RF c a r r i e r  shou ld  be  rece ived  by t h e  s t a g e  a t  a l l  t imes  

(2)  I n d i c a t i o n  of s i g n a l  s t r e n g t h s  from each range s a f e t y  

r e c e i v e r  shou ld  b e  a nominal 3.0 v. 

b .  Abnormal F l i g h t  

The o p e r a t i o n  of t h e  range s a f e t y  sys tem d u r i n g  an  abnormal 

f l i g h t  shou ld  i n c l u d e  t h o s e  o p e r a t i o n s  d e s c r i b e d  f o r  normal 

f l i g h t  (paragraph 3.13a) p l u s  t h e  fo l lowing  : 

(1) I n d i c a t i o n  of r e c e i p t  of t h e  p r o p e l l a n t  d i s p e r s i o n  

EBW F i r i n g  U n i t ,  Arm and Engine Cutoff  Command, from t h e  

range s a f e t y  decoder.  T r i - l e v e l  s i g n a l  from t h e  

c o n t r o l l e r  shou ld  show a  s t e p  i n c r e a s e  from 1 .27  

(+0.15) - v  t o  2 .43 (43.3) v 
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(2) The EBW firing units should show a charge of 

2,300 (+loo) - v within 1 sec after the receipt of the 

EBW arm and engine cutoff signal 

(3) After a predetermined time from the arm and engine 

cutoff signal, the range safety decoder will give 

a Propellant Dispersion Command to the vehicle. 

At this time the controller tri-level signal should 

show a step increase to 3.16 ( f 0 . 4 5 )  - v.  

3.14 Ordnance System 

Verify proper operation of the ordnance system during powered flight. 

The verification will be achieved by evaluation of the following: 

a. Operation of the stage separation system 

b. Operation of the ullage rocket ignition and jettison systems 

c. Operation of the retrorocket ignition system. 

3.15 Environmental Control System 

Proper environmental control system performance verification will be 

determined during powered flight and coast by: 

a. Determine that proper thermoconditioning fluid flowrate, 

supply pressure and temperatures were maintained by the IU 

b. Determining that proper thermoconditioning system fluid 

return pressure and temperature were within normal operating 

ranges. 

3.16 Stage Aerodynamics and Thermodynamics 

Verify the aerodynamic/thermodynamic performance of the S-IVB stage, as 

feasible, during launch, boost, powered flight and orbit. This will be 

achieved by utilizing trajectory, relevant telemetry and other data 

pertinent to the following areas: 

a. Forward and aft compartment venting 

b ,  Stage heating 

20 Cecember 1966 



c. Liquid hydrogen heating 

d. Component thermal environment; 

3.17 Stage Sequence of Events 

Determination of the proper S-IVB acknowledgement of sequence commands 

issued from the IU will be verified by comparing IU command times 

to stage monitored command times. 

3.18 Countdown Demonstration Test 

The objective of the countdown demonstration test, relevant to flight, 

will be to verify the propellant utilization system calibration presented 

in appendix 6. 
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4 ,  STAGE CONFLGUKATIOK 

T h i s  s e c t i o n  p r e s e n t s  t h e  g e n e r a l  c o n f i g u r a t i o n  of t h e  S-IVB-206 s t a g e  

and t h e  s i g n i f i c a n t  c o n f i g u r a t i o n  d i f f e r e n c e s  between S-IVB-206 and 

S-IVB-205. The S a t u r n  I B  AS-206 l a u n c h  v e h i c l e ,  i n c l u d i n g  s p a c e c r a f t  

LM a d a p t e r  (SLA) and nose  cone c o n f i g u r a t i o n ,  i s  shown i n  f i g u r e  4-1. 

4 . 1  

The S-IVB-206 s t a g e ,  second s t a g e  o f  t h e  AS-206 l aunch  v e h i c l e ,  i s  

p r e s e n t e d  i n  f i g u r e  4-2 and c o n s i s t s  of t h e  f o l l o w i n g  a s s e m b l i e s :  

a. Forward s k i r t  

b .  P r o p e l l a n t  t a n k s  

c .  A f t  s k i r t  

d.  Eng ine  t h r u s t  s t r u c t u r e  

e .  A f t  i n t e r s t a g e  

f .  S u p p o r t i n g  subsys t ems  

A d e t a i l e d  d e s c r i p t i o n  of  t h e s e  a s s e m b l i e s  i s  c o n t a i n e d  i n  DAC Drawing 

No. 1B63904, S-IVB-206 S t a g e  End I t e m  T e s t  P l a n  ( r e f e r e n c e  4 ) .  

The main s t a g e  p r o p u l s i o n  sys t em s c h e m a t i c  i s  shown i n  f i g u r e  4-3 and 

t h e  d a t a  a c q u i s i t i o n  sys t em i n  f i g u r e  4-4. The p r o p e l l a n t  u t i l i z a t i o n  

(PU) s y s t e m  fo rward  and f eedback  s h a p i n g  ne tworks  are shown i n  

f i g u r e  4-5. 

4 . 2  S t a g e  C o n f i g u r a t i o n  D i f f e r e n c e s  

T h i s  p a r a g r a p h  d e l i n e a t e s  s i g n i f i c a n t  c o n f i g u r a t i o n  d i f f e r e n c e s  be tween 

t h e  S-ID-206 and S-IVB-205 s t a g e s ,  S i n c e  b o t h  w i l l  be  o p e r a t i o n a l  s t a g e s ,  

t h e  c o n f i g u r a t i o n  changes  a n d / o r  d i f f e r e n c e s  have  been  k e p t  a t  a  minimum. 

4 . 2 . 1  Cold Helium Spheres  

The h e l i u m  s p h e r e s  l o c a t e d  i n  t h e  LH2 t a n k  have  been  reduced i n  number 

f rom e i g h t  t o  s i x ,  T h i s  was accompl i shed  t o  s a v e  we igh t  and s i m p l i f y  

t h e  s y s t e m  when i t  was d i s c o v e r e d  t h a t  t h e  volume of  e i g h t  s p h e r e s  w a s  

n o t  r e q u i r e d ,  
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4 . 2 . 2  Thrus t  S t r u c t u r e  

The s t r i n g e r s  l o c a t e d  i n  t h e  t h r u s t  s t r u c t u r e  were changed on S-IVB-206. 

Th is  was done t o  i n c r e a s e  t h e  s t r u c t u r a l  s t r e n g t h  t o  e l i m i n a t e  t h e  

p o s s i b i l i t y  of b u c k l i n g  t h e  s t r u c t u r e  i n  t h i s  a r e a .  

4 . 2 . 3  Forward S k i r t  Vent Area 

Doublers were added t o  t h e  forward s k i r t  t o  reduce t h e  v e n t  a r e a  from 

200 t o  150 s q  i n .  Each of t h e  e i g h t  v e n t s  are e q u a l  i n  a r e a  and t h e  

a s p e c t  r a t i o  of 4 : l  was main ta ined .  
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FLIGHT SEPARATION 
PLANES 

NOTE: ALL DIMENSIONS 
ARE I N  INCHES 

F i g u r e  4-1. AS-206 Launch V e h i c l e  
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Ld2 ENGINE 

F i g u r e  4-2. S-IVB-206 Stage Cutaway 

20 December 1966 
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MULTIPLEXER 

REMOTE ANALOG REMOTE D I  G I  TAL 
SUB-MULTIPLEXER 

F i g u r e  4-4. Data A c q u i s i t i o n  System 

2C Seeember 1956 
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5, INSTRUMENTATION 

T h i s  s e c t i o n  d e l i n e a t e s  r h e  S-LVB f l i g h t  s t a g e  and f a c i l i t y  s u p p o r t  

i n s t r u m e n t a t i o n ,  t h e  r e d l i n e  and b l u e l i n e  p r e l a u n c h  measurements  and t h e  

c r i t i c a l  t e l e m e t r y  measurements ,  The p r imary  s o u r c e  f o r  S-IVB p r e l a u n c h  

checkou t  and countdown d a t a  w i l l  b e  t h e  p u l s e  code  m o d u l a t i o n / d i g i t a l  d a t a  

a c q u i s i t i o n  s y s t e m  (PCMIDDAS) ( h a r d w i r e ) .  

5 . 1  F l i g h t  S t a g e  Measurements  

The DAC I n s t r u m e n t a t i o n  Program and Components L i s t  ( I P & C L ) ,  r e f e r e n c e  5 ,  

documents and d e f i n e s  t h e  measurements  f o r  t h e  S-IVB-206 s t a g e .  These  

NASA measurement numbers are a l p h a b e t i c a l l y  p r e f i x e d  t o  i d e n t i f y  d i s p l a y  

p a r a m e t e r s  and t y p e  o f  measurements ,  and l i s t e d  i n  a l p h a m e r i c a l  s equence .  

The f o l l o w i n g  i n f o r m a t i o n  is  a l s o  i n c l u d e d  f o r  e a c h  measurement.  

a .  L o c a t i o n  

b .  A b b r e v i a t e d  t i t l e  

c .  Range 

d ,  F l i g h t  p e r i o d  o f  i n t e r e s t  

e .  Accuracy 

f .  Ass igned  t e l e m e t r y  c h a n n e l  

g.  Frequency r e s p o n s e  

h .  I n £  l i g h t  c a l i b r a t i o n  

i. DAC r e q u e s t i n g  s e c t i o n  

j .  DAC measurement r e q u e s t  d rawing  and change l e t t e r  

k. NASA r e q u i r e d  r e f e r e n c e  d e s i g n a t i o n  

1 ,  P a r t  numbers o f  r e l a t e d  components. 

The IP&CL w i l l  b e  r e v i s e d  as r e q u i r e d  i n  acco rdance  w i t h  t h e  f o l l o w i n g  

p l a n .  

a ,  The IPhCL r e f l e c t s  t h e  i n t e n d e d  i n s t r u m e n t a t i o n  program f o r  

f l i g h t ,  I f  a ha rdware  d c l e t i v n  o r  s h o r t a g e  p r e c l u d e s  tlhe 

p o s s i b i l i t y  of  making a  measurement,  an  e x p l a n a t o r y  n o t e  w i l l  b e  

added t o  t h e  IP&CL s t a t i n g  why t h e  measurement c a n n o t  b e  o b t a i n e d .  

20 December 1 9 6 6  



b.  Measurements which become i n o p e r a t i v e  a f t e r  t h e  countdown 

demonstrati-on e s t  (G13DT) \,?ill n o t  be  r e f l e c t e d  i n  t h e  IPGCL. 

The anomalies w i l l ,  i n s t e a d ,  be  r e p o r t e d  t o  t h e  MSFC/FEWG d u r i n g  

t h e  course  of t h e  normal f l i g h t  e v a l u a t i o n .  There  i s  no 

o p p o r t u n i t y  t o  e v a l u a t e  every measurement t o  c e r t i f y  v a l i d  

i n s t r u m e n t a t i o n  o p e r a t i o n  between t h e  CDDT and t h e  l aunch .  

5.2 Red l ine  and B l u e l i n e  Measurement Requirements 

DAC r e d l i n e  and b l u e l i n e  measurement requirements  a r e  d e f i n e d  and l i s t e d  

i n  t h i s  s e c t i o n ,  The p a r a m e t r i c  l i m i t s  s t a t e d  h e r e i n  do n o t  i n c l u d e  

a l lowances  f o r  i n s t r u m e n t a t i o n  e r r o r s ,  t o l e r a n c e s ,  mal func t ions ,  o r  

i n a d e q u a c i e s .  The r e d l i n e  and b l u e l i n e  requirements  w i l l  be c o n t i n u a l l y  

reviewed and c o o r d i n a t e d  w i t h  t h e  cogn izan t  MSFC l a b o r a t o r i e s .  I f  t h e  

S-IVB s t a g e  o r  miss ion  requirements  shou ld  change, t h e  r e d l i n e  and blue-  

l i n e  requ i rements  w i l l  be  r e v i s e d  and updated accord ing ly .  I t  i s  

a n t i c i p a t e d  t h a t  MSFC w i l l  t a k e  a p p r o p r i a t e  a c t i o n  t o  i n c o r p o r a t e  r e d l i n e  

requ i rements  i n t o  t h e  Apol lo /Sa tu rn  IB Launch Mission Rules ,  AS-206 

( r e f e r e n c e  6 ) ,  and t h e  Terminal Count Observer Redl ine  Values 

( r e f e r e n c e  7) documents a s  i n  p rev ious  f l i g h t s .  

5 . 2 . 1  Red l ines  

A launch r e d l i n e  i s  t h e  maximum and /or  minimum va lue  of a  parameter  which,  

i f  exceeded, s h a l l  r e s u l t  i n  immediate s toppage  of t h e  t e s t .  A ho ld  must 

be  imposed d u r i n g  t h e  countdown i n  t h e  e v e n t  t h a t  a  r e d l i n e  i s  exceeded, 

and t h e  countdown should n o t  be resumed whi le  t h i s  c o n d i t i o n  e x i s t s .  

Red l ine  measurements a r e  mandatory, and t h e  launch countdown shou ld  n o t  

proceed i f  a r e d l i n e  measurement i s  i n o p e r a t i v e  o r  i n c a p a b l e  of be ing  

moni tored.  Each r e d l i n e  measurement shou ld  be  monitored on a  s t r i p  c h a r t  

r e c o r d e r  i n  t h e  blockhouse.  However, CIF d i s p l a y  of some r e d l i n e  measure- 

ments i s  a c c e p t a b l e  whenever t h e  launch c o n t r o l  c e n t e r  c a p a b i l i t i e s  a r e  

exceeded, DAC r e d l i n e s  f o r  S-IVB-206 a r e  p r e s e n t e d  i n  t a b l e  5-1 and 

r e f e r e n c e d  f i g u r e s ,  These r e d l i n e s  a r e  a l s o  con ta ined  i n  DAC Drawing 

No. 1B66261, T e s t  S p e c i f i c a t i o n  and C r i t e r i a ,  KSC Prelaunch Checkout and 

Launch O D e r a t i o n s ,  S-IVB/IB ( r e f e r e n c e  8) .  (Redl ine  d a t a  i n  t h i s  

document a r e  updated independen t ly  of t h e  S-IVB-206 S tage  F l i g h t  T e s t  

P l a n  because  of d i f f e r i n g  documentation s c h e d u l e s . )  



5,2,2 B l u e l i n e s  - 

A l aunch  b l u e l i n e  is  t h e  m a x i m u m  a n d / o r  minimum v a l u e  o f  a p a r a m e t e r  

wh ich ,  i f  exceeded ,  s h a l l  r e s u l t  i n  an  e n g i n e e r i n g  judgment a s  t o  whe the r  

t h e  t e s t  may c o n t i n u e  w i t h o u t  c o r r e c t i v e  a c t i o n .  These  measurements  d o  

n o t  n e c e s s a r i l y  have  t o  b e  m o n i t o r e d  i n  t h e  b lockhouse ,  b u t  s u i t a b l e  r e a l -  

time m o n i t o r i n g  must  b e  p r o v i d e d .  B l u e l i n e  measurements  a r e  h i g h l y  

d e s i r a b l e  as opposed t o  r e d l i n e s  which a r e  mandatory.  Under s p e c i a l  

c i r c u m s t a n c e s ,  as de t e rmined  a t  t h e  t i m e  o f  t h e  t e s t ,  f a i l u r e  o f  a  b l u e -  

l i n e  measurement o r  t h e  e x c e e d i n g  of  t h e  b l u e l i n e  l i m i t s  may p r e c l u d e  

c o n t i n u a n c e  o f  a t e s t ,  DAC b l u e l i n e s  f o r  S-IVB-206 a r e  p r e s e n t e d  i n  

t a b l e  5-2 and r e f e r e n c e d  f i g u r e s .  

5 .3  F l i g h t  I n s t r u m e n t a t i o n  Sys tem 

The f l i g h t  i n s t r u m e n t a t i o n  s y s  tem of t h e  S-IVB-206 c o n s i s t s  o f  t h e  

f o l l o w i n g  maj o r  e l e m e n t s  : 

a .  PCM/FM subsys t em 

b ,  RF subsys t em 

c. Antenna  s u b s y s t e m  

d .  C o n t r o l  c a l i b r a t i o n  command decode r  assembly 

e .  Channel  c a l i b r a t i o n  command decode r  assembly  

f .  S i g n a l  c o n d i t i o n e r  r a c k s  

g .  T r a n s d u c e r s  

h .  Emergency d e t e c t i o n  subsys t em.  

Da ta  i n p u t s  a r e  r e c e i v e d  by  t h e  PCMIFI'I subsys t em where t h e  PCM/DDAS p h a s e s  

two m u l t i p l e x e r  s i g n a l s  t o g e t h e r  f o r  a n  o u t p u t  of  7 ,200  s p s  t o  t h e  RF sub-  

s y s t e m  and a n t e n n a  subsys t em f o r  t r a n s m i s s i o n  t o  ground s u p p o r t  f a c i l i t i e s .  



5-4 Mandatorv Requirements 

Since the PCM/EM link (CP-l) is the only telemetry system for the 

S-IVB-206, it is mandatory that the system performs properly at all 

times to obtain data for subsequent evaluation. 

5.5 Facility Support Instrumentation 

Facility support measurements will be delineated in the Facility and 

Environmental Measuremnts Program (reference 9) to be published by 

Kennedy Space Center and will include measurement display modes. 

20 December 1966 



!2 
t-4 
£4 

W 

$ U 

t-i 
14 
P-r 

2 

c3 
l.4 
E( W 
U =, 
W d 
P-4 4 
X 3 
ra-l 

W 
4 
E.l 
t-i 
E-4 



TA
B

LE
 

5
-1

 
(S

h
e

e
t 

2
 o

f 
3

) 
S

-I
V

B
-2

06
 

R
E

D
L

IN
E

 
R

EQ
U

IR
EM

EN
TS

 

T
IT

L
E

 

P
re

ss
 
- 

R
e

se
rv

o
ir

 
O

i
l

 (
A

ux
 

Pu
m

p 
O

ff
) 

P
re

s
s

 -
 H

el
iu

m
 R

eg
 

I
n

le
t 

M
o

d
u

le
 
1
 (

A
P

S
) 

P
re

ss
 
- 

H
el

iu
m

 R
eg

 
I

n
le

t 
M

o
d

u
le

 
2

 
(A

P
S

) 

P
re

s
s

 -
 O

x
id

iz
e

r 
T

an
k

 
O

u
tl

e
t 

M
o

d
u

le
 
1
 (

A
P

S
) 

P
re

s
s

 -
 

O
x

id
iz

e
r 

T
an

k
 

O
u

tl
e

t 
M

o
d

u
le

 
2

 
(A

P
S

) 

P
re

s
s

 -
 H

el
iu

m
 

(A
m

b
ie

n
t)

 
S

p
h

e
re

 

P
re

s
s

 -
 F

u
e

l 
T

an
k

 
U

ll
a

g
e

 
(H

a
rd

w
ir

e
) 

P
re

s
s

 -
 O

x
id

 
T

an
k

 
U

ll
a

g
e

 
(H

a
rd

w
ir

e
) 

E
v

en
t 

- 
C

u
to

ff
 

S
ig

n
a

l 

E
v

e
n

t 
- 

PU
 

O
ve

n 
O

N
 

In
d

ic
a

ti
o

n
 

L
e

v
e

l 
- 

R
e

se
rv

o
ir

 
O

i
l

 (
A

ux
 

Pu
m

p 
O

n)
 

(A
ux

 P
um

p 
O

ff
) 

V
o

lt
a

g
e

 -
 A

ft
 B

us
 

N
o.

 
2

 

V
o

lt
a

g
e

 -
 A

ft
 B

us
 

N
o.

 
1
 

R
E

D
L

IN
E

 
L

IM
IT

S
 

O
FF

 
O

FF
 

EX
PE

C
TE

D
 

V
A

LU
E 

6
7
 t
o
 

8 
9 

3
,0

0
0

 

3
,0

0
0

 

2
1

1
 

2
1

1
 

3
,0

0
0

 

F
ig

 5
-1

 

40
 

O
FF

 

O
N

 

2
5

 
to

 
4

5
 

8
4
 t

o
 

9 9
 

5 6
 

2
 8 

U
N

IT
S 

p
s

ia
 

p
s

ia
 

p
s

ia
 

p
s

ia
 

p
s

ia
 

p
s

ia
 

p
s

ia
 

p
s

ia
 

p
e

r-
 

c
e

n
t 

p
e

r-
 

c
e

n
t 

v
d

c 

vd
 c

 

A
PP

L
IC

A
B

L
E

 
T

IM
E

 

F
ro

m
 

a
u

x
 h

y
d

 
pu

m
p 

th
e

rm
a

l 
(c

o
a

s
t)

 m
od

e 
O

N
 

to
 a

u
x

 h
y

d
 

pu
m

p 
f

li
g

h
t 

m
od

e.
0N

 

C
h

ec
k

 
a

t 
T

-1
5 

m
in

 

C
h

ec
k

 
a

t 
T

-1
5 

m
in

 

C
h

ec
k

 
a

t
 T

-1
5 

m
in

 

C
h

ec
k

 
a

t 
T

-1
5 

m
in

 

F
ro

m
 

T
-3

0 
m

in
 

to
 T
-5
 

m
in

 

C
h

ec
k

 
a

t
 T

-1
5 

s
e

c
 

C
h

ec
k

 
a

t
 T

-1
5 

s
e

c
 

F
ro

m
 e

n
g

in
e

 i
g

n
it

io
n

 p
o

w
er

 
O

N
 

to
 T

-3
 

s
e

c
 

Im
m

e
d

ia
te

ly
 b

e
fo

re
 

in
it

ia
ti

o
n

 
o

f 
p

ro
p

e
ll

a
n

t 
lo

a
d

in
g

 u
n

ti
l 

lo
a

d
in

g
 

c
o

m
p

u
te

r 
lo

c
k

u
p

. 

F
ro

m
 

a
u

x
 h

y
d

 
pu

m
p 

th
e

rm
a

l 
(c

o
a

s
t)

 
m

od
e 

O
N

 
to

 T
-1

0 
s

e
c

 

F
ro

m
 

a
u

x
 h

y
d

 
pu

m
p 

th
e

rm
a

l 
(c

o
a

s
t)

 
m

od
e 

O
N

 
u

n
ti

l 
a

u
x

 
h

y
d

 
pu

m
p 

f
li

g
h

t 
m

od
e 

O
N

 

W
h

il
e

 
o

n
 l

a
u

n
c

h
 v

e
h

ic
le

 p
o

w
er

 
to

 T
-3

 
se

c
. 

V
is

u
a

l 
m

o
n

it
o

ri
n

g
 

re
q

u
ir

e
d

. 
(B

ac
k

u
p

 
in

te
rl

o
c

k
 

d
u

ri
n

g
 a

u
to

m
a

ti
c

 
se

q
u

e
n

c
e

 i
s
 

a
c

c
e

p
ta

b
le

) 



Cd i; 
3 ?5 i-; s 5 

GI (I) crl V) 

;3 S s b 
P1 .r( A PI ',-I A 

.LJ C\I 4J r-4 
I fd I a 

U aJ U a, 
L) ( I ) . r l U  U  m * r ( u  
UI i n 9 d Q  (I) V ) - 1 0  

"4 $ d . 5  2 2 $5 

(I) 
(I) 

.ri a 
X E 

2 -I 4 

a, 3 
'4-4 

5 aJ 
s: * 

a, U  

b5 
(d 

w 
Y 

0 

4 U 
0 > 5 

" U 
W U  $d 

Q @  a, 
V) a 

go r, 
.r( a 
a u 

2 
U Q )  0 

-74 (U a 
. - - i U  (d 
D4 % 
a J  v] a U 
0 

4 u  5 
(d V) 
.rl U OJ 
Q 0  u 
-ri C a 
c; a, 
* d Q  $-IN 
0 I 

a,.d u m  
L !4 .rl 
U W  d a ,  

D.4 5-4 
bO ,a 
I:@ M a  

.pi OJ .!-I 
!4h 4 
5 0 d 
a w  4 - d  



TA
B

LE
 

5-
2 

(S
h

e
e

t 
1
 o

f 
4

) 
S

-I
V

B
-2

06
 

B
L

U
E

L
IN

E
 

F3
3Q

U
IR

EK
EN

TS
 

T
IT

L
E

 

T
em

p 
- 

H
y

d
ra

u
li

c
 P

um
p 

In
le

t 
O

il
 

T
em

p 
- 

Fw
d 

B
a

tt
e

ry
 N

o.
 

1
 

T
em

p 
- 

Fw
d 

B
a

tt
e

ry
 N

o.
 

2 

T
em

p 
- 

A
ft

 
B

a
tt

e
ry

 N
o.

 
1
 

T
em

p 
- 

A
ft

 
B

a
tt

e
ry

 N
o.

 
2 

T
em

p 
- 

B
e 

S
p

h
e

re
 G

as
 

M
od

 
1
 (

U
S

) 

T
em

p 
- 

H
e 

S
p

h
e

re
 G

as
 

M
od

 
2 

(A
P

S
) 

T
em

p 
- 

F
u

e
l 

T
an

k
 

O
u

t 
M

od
 
1
 (

A
P

S
) 

T
em

p 
- 

F
u

e
l 

T
an

k
 

O
u

t 
M

od
 

2 
(A

P
S

) 

T
em

p 
- 

C
o

ld
 

H
e 

S
p

h
e

re
 5

 
(N

o
te

 
1
) 

P
re

s
s

 -
 F

u
e

l 
Pu

m
p 

In
le

t 

P
re

ss
 
- 

O
x

id
iz

e
r 

?u
m

p 
In

le
t 

P
re

s
s

 -
 H

y
d

ra
u

li
c

 S
yc

 
(A

ux
 

Pu
m

p 
O

n)
 

P
re

s
s

 -
 R

es
 

O
i

l
 (

A
ux

 
Pu

m
p 

O
n)

 

(A
ux

 
Pu

m
p 

O
ff

) 

1
7

5
 

1
4

0
 

1
4

0
 

1
4

0
 

14
0 

5
7

5
 

5 
7
5
 

5
6

0
 

56
0 4 5

 

5 
1
 

N
o

te
 

2 

3
,
6
5
0
 

20
0 - 

U
N

IT
S 

T
IM

E
 

PE
R

IO
D

 
O

F 
B

L
U

E
L

IN
E

 
A

P
P

L
IC

A
B

IL
IT

Y
 

d
eg

 
F

 
F

ro
m

 
a

u
x

 t
m

yd
 

pu
m

p 
th

e
m

la
1

 
(c

o
a

s
t)

 m
od

e 
O

N
 

u
n

ti
l 

T
-2

 
m

in
, 

4
3

 s
e

c
 

d
eg

 
F

 

d
eg

 
F

 

V
e

ri
fy

 
a

t
 T

-1
5 

rn
in

 

V
e

ri
fy

 a
t

 T
-1

5 
rn

in
 

V
e

ri
fy

 
a

t
 T

-1
5 

m
in

 

V
e

ri
fy

 
a

t
 T

-1
5 

m
in

 

C
h

ec
k

 
a

t
 T

-2
 

m
in

 
4.

3 
s

e
c

 

C
h

ec
k

 
a

t
 T

-1
5 

s
e

c
 

C
h

ec
k

 
a

t
 T

-1
5 

s
e

c
 

p
s 

i
a

 

p
s

ia
 

p
s 

ia
 I 

F
ro

m
 

a
u

x
 h

y
d

 
pu

m
p 

th
e

rm
a

l 
I 

(c
o

a
s

t)
 m

od
e 

O
N

 
u

n
ti

l 

T
-1

0 
s

e
c

 
F

ro
m

 
a

u
x

 h
y

d
 

pu
m

p 
th

e
m

a
l 

(c
o

a
s

t)
 

m
od

e 
O

N
 

u
n

ti
l 

T
-1

0 
s

e
c

 
F

ro
m

 
a

u
x

 
h

y
d

 
pu

m
p 

th
e

rm
a

l 
(c

o
a

s
t)

 m
od

e 
O

N
 

to
 f

li
g

h
t 

m
od

e 
ON

 



20 December 1966 



Fr] a 
+I 0 
a N 

3 & 
3 

20 December 1366 



TA
B

LE
 

5-
2 

(S
h

e
e

t 
4

 o
f 

4
) 

S
-I

V
B

-2
06

 
B

LU
EL

IN
E 

R
EQ

U
IR

EM
EN

TS
 

T
IT

L
E

 
B

LU
EL

IN
E 

L
IM

IT
S

 
EX

PE
C

TE
D

 
U

N
IT

S
 

1-1 
V

A
LU

E 
I 

M
is

c-
Q

ty
 
- F

u
e

l 
T

an
k

 M
od

 
1
 (A

P
S

) 

M
is

c-
Q

ty
 

- 
F

u
e

l 
T

an
k 

M
od

 
2

 
(A

P
S I 

V
o

lt
 -

 4
D

11
0 

B
u

s.
 

C
u

rr
e

n
t 
- 

4D
11

0 
B

u
s.

 

C
u

rr
e

n
t 
- 

4
D

ll
l 

B
u

s.
 

V
o

lt
 
- 

4D
21

0 
B

u
s.

 

V
o

lt
 
- 

4D
31

0 
B

u
s.

 

C
u

rr
e

n
t 
- 

4D
21

0 
B

u
s.

 

C
u

rr
e

n
t 

- 
4D

12
1 

B
u

s.
 

C
u

rr
e

n
t 

- 
4D

13
1 

B
u

s.
 

V
o

lt
 
- 

4D
41

0 
B

u
s.

 

C
u

rr
e

n
t 
- 4

D
14

1 
B

u
s.

 

F
ig

 5
-5

 

F
ig

 5
-5

 

26
 

- - 2
6

 

2
6

 

- 

I 
- 

I 
- 5

 4
 

I 
- 

F
ig

 5
-5

 

F
ig

 5
-5

 

30
 

2
 0

 

1
5

 

3 0
 

3
0

 

1
5

 
N

o
te

 
4

 

5 5
 0

 

6 0
 

1
1

0
 

in
. 

in
. 

v
d

c 
- 

am
p 
s 

am
ps

 

v
d

c 

vd
 c

 

am
p 
s 

am
ps

 

am
p 

s 

vd
 c

 

am
ps

 

TI
M

E 
PE

R
IO

D
 

O
F 

B
LU

EL
IN

E 
A

P
P

L
IC

A
B

IL
IT

Y
 

V
e

ri
fy

 
a

t 
T

-3
 

h
r

 

V
e

ri
fy

 a
t 

T
-3

 
h

r
 

_
A

n
y

ti
m

e 
re

sp
e

c
ti

v
e

 p
o

w
er

 
is

 
a

p
p

li
e

d
 

N
O

TE
 
1
: 

T
he

 
se

q
u

en
ce

 o
f 

e
v

e
n

ts
 s

h
a

ll
 b

e
 s

u
c

h
 

th
a

t 
th

e
 f

u
ll

y
 p

re
ss

u
ri

z
e

d
 

(t
o

 D
00

16
-4

25
 

R
e

d
li

n
e

 l
im

it
s

) 
c

o
ld

 
h

e
li

u
m

 s
p

h
e

re
s 

a
re

 s
u

b
m

er
g

ed
 i

n
 L

H
2 

(L
H

2 
ta

n
k

 a
t 

le
a

s
t 

9
2

 p
e

rc
e

n
t 

fu
ll

) 
fo

r 
a

t 
le

a
st

 
th

e
 l

a
s

t 
30

 
m

in
u

te
s 

o
f 

th
e

 c
o

u
n

td
o

w
n

 p
ri

o
r 

to
 l

if
to

f
f

. 

N
O

TE
 

2
: 

T
h

er
e 

is
 n

o
 m

ax
im

um
 

p
re

ss
u

re
 l

im
it

 f
o

r 
th

is
 p

a
ra

m
e

te
r.

 
T

he
 

ra
n

g
e

 
o

f 
D

O
00

3 
tr

a
n

sd
u

c
e

r 
is

 0
-6

0 
p

s
ia

. 
I

f
 p

re
ss

u
re

 
e

x
c

e
e

d
s 

6
0

 p
s

ia
, 

u
se

 D
05

57
-4

06
 

O
x

id
iz

e
r 

T
an

k
 U

ll
a

g
e

 P
re

s
s

u
re

 
(R

e
d

li
n

e
 p

a
ra

m
e

te
r)

 
a
s 

a
b

o
rt

 c
ri

te
ri

a
. 

N
O

TE
 

3:
 

A
 

le
g

 u
n

it
 

re
p

re
se

n
ts

 a
p

p
ro

x
im

a
te

ly
 

5
 p

e
rc

e
n

t 
o

f 
th

e
 f

u
ll

 m
as

s 
lo

a
d

. 
U

n
p

re
ss

u
ri

z
e

d
 

le
g

 v
a

lu
e

s 
a

re
 p

ro
v

id
e

d
 o

n
ly

 a
s 

a
 

s
ta

rt
in

g
 p

o
in

t 
fo

r 
th

e
 K

SC
 

co
u

n
td

o
w

n
 d

e
m

o
n

st
ra

ti
o

n
 t

e
s

t 
(C

D
D

T
),

 
F

in
a

l 
le

g
 

v
a

lu
e

s 
w

il
l 

b
e

 
su

p
p

li
e

d
 b

y 
D

A
C

/F
TC

 
a

f
te

r
 t

h
e

 C
D

D
T.

 

N
O

TE
 

4:
 

4
0

 a
m

ps
 

d
u

ri
n

g
 R

em
ot

e 
A

n
al

o
g

 C
a

li
b

ra
ti

o
n

 S
y

st
em

 
(R

A
C

S)
. 









,
 .

 0 
10

 
20

 
3

0
 

4
0

 
5

0
 

6
0

 
7

0
 

8
0

 
90

 
10

0 
1

1
0

 
12

0 
13

0 
14

0 
15

0 

R
E

S
E

R
V

O
I R

 0
1

 L
 T

EM
PE

FW
TU

R
E 

(O
F)

 

F
ig

ur
e 

5-
3.

 
H

yd
ra

ul
ic

 R
es

er
vo

i r
 

L
ev

el
 

C
ri

ti
ca

l 
L

im
it

s 



TE
M

PE
R

AT
U

R
E 

(O
R

) 

- 
F

ig
u

re
 5

-4
. 

AP
S 

O
xi

d
iz

e
r 

C
ri

ti
c

a
l 

L
im

it
s

 







6. TEST MANAGEMENT 

6.1 Flight Test Responsibilities 

Douglas Aircraft Company, Inc. (DAC) personnel will perform postflight 

evaluations of the S-IVB-206 stage at the following locations: 

a. Kennedy Space Center (KSC), Cape Kennedy, Florida 

b. Marshall Space Flight Center (MSFC), Huntsville, Alabama 

c. Douglas Aircraft Company, Inc. (DAc/HB), Huntington Beach, 

California. 

At KSC, DAC is represented by the Florida Test Center (DACIFTC) Test 

Planning and Evaluation (TP&E) Committee; at Huntington Beach, DAC 

is represented by the DAC/HB TP&E Committee; and at MSFC, by the DAC/FISFC 

liaison team. 

The DAC/HB and DAC/FTC TP&E Committees consist of personnel assigned 

from Saturn Engineering sections and branches. Their functions are to: 

a, Coordinate postflight evaluation 

b. Provide information for all contractual documentation 

c. 'Coordinate test planning for future flights. 

The onsite quick-look postflight evaluation, consisting primarily of 

analog data, is performed by the DAC/FTC TP&E Committee, and the results 

are transmitted to: 

a. National Aeronautics and Space Administration (NASA), Kennedy 

Space Center 

b. DAC/HB TP&E Committee 

c. DAC/MSFC liaison team. 

The major postflight evaluation is conducted at DAC/HB and consists 

primarily of analyses from digital data. 

All analyses conducted at DAC/FTC and DAC/HB are transmitted to the 

DAC/MSFC Liaison team, This liaison team transmits information between 

DAC and MSFC, provides the PlSFC Flight Evaluation Working Group (FEWG) 



w i t h  r e q u i r e d  i n f o r m a t i o n ,  and pe r fo rms  r a p i d  a n a l y s e s  i n  r e s p o n s e  

t o  FEWG r e q u e s t s ,  I n  a d d i t i o n ,  t h e  L i a i s o n  t e a m  p a r t i c i p a t e s  i n  many 

o f  t h e  MSFC p o s t f l i g h t  e v a l u a t i o n s  which c o n t r i b u t e  t o ,  o r  p a r a l l e l ,  

DAC p o s t f l i g h t  e v a l u a t i o n  e f f o r t s .  

The f o l l o w i n g  means o f  communication ( f i g u r e  6-1) have  been e s t a b l i s h e d  

t o  e x p e d i t e  t r a n s m i t t a l  o f  e v a l u a t i o n  i n f o r m a t i o n :  

a. TWX communicat ions between DAC/HB, DAC/MSFC,  and DAC/FTC 

l o c a t  i o n s  

b .  F a c s i m i l e  communicat ions be tween DAC/HB, DAC/MSFC, and DAC/FTC 

c. D a C a  phone l i n k  between DAC/MSFC and DAC/HB.  

T r a n s m i t t a l  of  c l a s s i f i e d  m a t e r i a l  between DAC f a c i l i t i e s  by any of  t h e  

above  means i s  n o t  a u t h o r i z e d .  A  s t a n d a r d  fo rma t  i s  used  f o r  t r a n s -  

m i s s i o n  o f  u n c l a s s i f i e d  d a t a  by TWX o r  f a c s i m i l e .  

To i n s u r e  r a p i d  and c o n t r o l l e d  d a t a  t r a n s m i s s i o n  between l o c a t i o n s  i t  i s  

h i g h l y  d e s i r a b l e  t h a t  a l l  i n f o r m a t i o n  b e  channe led  th rough  one c o o r d i -  

n a t o r  of  f l i g h t  i n f o r m a t i o n  a t  e a c h  l o c a t i o n .  

6.2 P r e f l i g h t  Documentat ion 

DAC w r i t e s  and p u b l i s h e s  c e r t a i n  p r e f l i g h t  documents f o r  each  S-IVB s t a g e  

f l i g h t .  D e s c r i p t i o n s  o f  t h e  c o n t e n t s ,  t h e  approx ima te  o r d e r  of p u b l i -  

c a t i o n ,  and d i s t r i b u t i o n  a r e  g i v e n  i n  t h e  f o l l o w i n g  p a r a g r a p h s .  

6 . 2 . 1  S a t u r n  S-IVB-206 I n s t r u m e n t a t i o n  Program and Components L i s t  - 

lB43559 ( r e f e r e n c e  5) 

T h i s  drawing c o n t a i n s  a l l  t h e  t e l e m e t r y  measurements  o f  t h e  S-IVB-206 

s t a g e .  A p a r t i a l  l i s t  o f  i t s  c o n t e n t s  i s  as f o l l o w s :  

a .  Measurement numbers 

b ,  Component p a r t  numbers 

c ,  Re fe rence  d e s i g n a t i o n  numbers 

d. Te leme t ry  c h a n n e l  cod ing  d e f i n i t i o n s  

e. Measurement l i s t  

20 December 1466 



f. Measurement matrix by area and function 

g .  Measurements, illustrations, and index. 

All sections of the Instrumentation Program and Components List are 

revised as necessary to reflect current instrumentation information. 

Revisions are controlled by the Saturn Project Office - Test at 

Huntington Beach, California. 

6.2.2 Douglas S-IVB Stage Data Acquisition Requirements Document for 

Saturn IB Flights - SM-46538 

This document describes the detailed data requested by DAC/HB for 

evaluation of the S-IVB stage of the Saturn IB flights. The requested 

data will be provided by KSC, Goddard Space Flight Center (GSFC), and 

MSFC. This document is prepared and maintained at DAC/HB. 

6.2.3 S-IVB-206 Stage Flight Test Plan, SM-46979 

The contents of the S-IVB-206 Stage Flight Test Plan are described in 

section 1, Introduction, of this document. 

6.3 Postfli~ht Communications and Documentation 

Postflight communications and documentation with descriptions of content, 

approximate order of transmittal or publication, and other responsi- 

bilities are briefly described in the following paragraphs. 

6.3.1 FTC Postflight Report (24 hr) 

Twenty-four hours after launch or as soon as sufficient data are 

available, the DAC/FTC TPGE Committee will TWX to DAC/HB, DACIMSFC, and 

DAC/MSC (Manned Spacecraft Center, Houston) a quick-look evaluation 

which will include a brief description of system performance, mission 

objective accomplishments, and any malfunction which may have occurred. 

This is for internal use only. 

6.3.2 FTC Postflight Flash Report (3 days) 

The Postflight Flash Report is prepared by the DAC/FTC TPhE Committee 

and transmitted to KSC. This includes preliminary evaluations of a.11 

data available to FTC at that time. 
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6 . 3 . 3  FTC Ground Systems Evaluation Report (8 days) 

The DAC/FTC TPhE Committee prepares an evaluation report of the per- 

formance of DAC and NASA supplied GSE used in handling propellants 

for the S-IVB auxiliary propulsion system (APS). This report is trans- 

mitted to KSC. 

6.3.4 FTC Input to KSC Launch Operations Report (2 wk) 

As an input to this report, DAC/FTC will provide information related to 

the S-IVB stage up to the time of launch. 

6.3.5 FTC Preliminary Flight Evaluation Summary (2 wk) 

The DAC/FTC TP&E Committee compiles, publishes, and distributes the 

Preliminary Flight Evaluation Summary for internal use only approximately 

two weeks after launch. It is the final FTC effort and summarizes test 

objectives, discusses possible causes of malfunctions, and recommends any 

corrective action required. 

6.3.6 Written Informal Evaluation Inputs to MSFC/FEWG (21 days) 

The DAC/MSFC liaison team summarizes all DAC flight evaluations performed 

during the three-week period subsequent to launch. This summary is 

forwarded to the FEWG at MSFC and constitutes the DAC input to the MSFC 

Saturn Vehicle Flight Evaluation Report. 

6.3.7 S-IVB-206 Stage Flight Evaluation Report (60 days) 

Sixty days after launch the DAC/HB TPhE Committee will write, publish, 

and distribute DAC Report No. SM-46991, S-IVB-206 Stage Flight Evaluation 

Report. The data for evaluation are required at DAC/HB by 15 days after 

launch, thereby allowing 45 days for preparation of the report. Tentative 

evaluation meetings and documentation schedules are shown in tables 6-1 

and 6-2. A probable evaluation report outline is delineated in table 6-3. 



TABLE 6-1 
TENTATIVE AS-296 FLIGHT EVALUATION MEETING SCHEDULE 

F l i g h t  Review Meeting 

F i r s t  "HOW-Goes-It" Meeting 

F i r s t  General  E v a l u a t i o n  Meeting 

Second "HOW-~oes- I t "  Meeting 

Second General  E v a l u a t i o n  Meeting 

Thi rd  "How-Goes-It" Meeting 

Thi rd  General  E v a l u a t i o n  Meeting 

Four th  "HOW-Goes-It " Meeting 
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TABLE 6-2 
EVALUATION AND DOCUMENTATION SCHEDULE FOR S-IVB-206 

STAGE FLIGHT EVALUATION REPORT 

EVENT 

Suppor t  FEWG F l i g h t  Review Meeting 

Suppor t  FEWG F i r s t  Genera l  E v a l u a t i o n  Meeting 

Suppor t  FEWG Second Genera l  E v a l u a t i o n  Meeting 

A l l  F i n a l  Data Due a t  A3 

Suppor t  FEWG T h i r d  Genera l  E v a l u a t i o n  Meeting 

W r i t t e n  I n f o r m a l  E v a l u a t i o n  I n p u t s  t o  MSFC/FEWG 
Report  Due; Support  FEWG Summary Meeting 

* F i r s t  I n p u t s  Due from Design S e c t i o n s  

" A l l  F i n a l  E v a l u a t i o n  I n p u t s  Due f o r  60-Day Repor t  

Management Review Copy t o  Reproduct ion 

Management Review Copy D i s t r i b u t e d  

Management Review Comments Due 

F i n a l  Report  t o  Reproduct ion 

F i n a l  60-Day E v a l u a t i o n  Repor t  D i s t r i b u t e d  
i 

*A d e t a i l e d  o u t l i n e  w i l l  b e  pub l i shed  immediate ly  a f t e r  l aunch ,  i n d i c a t i n g  

when i n p u t s  a r e  due d u r i n g  t h e  26-to-40 day p e r i o d .  
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TABLE 6-3 ( S h e e t  1 of  5) 
S-IVB-206 STAGE FLIGHT EVALUATION REPORT OUTLINE 

SECTION 
ENGINEERING 

SECTION 

1. INTRODUCTION. . . . . . . . . . . . . . . .  S - I V B P r o j e c t  

2 .  SUMMARY . . . . . . . . . . . . . . . . . .  S-IVB P r o j e c t *  

3 .  TEST CONFIGURATION . . . . . . . . . . . . .  DAC/FTC TP&E Committee? 
and P r o p u l s i o n  

3 . 1  S t a g e  C o n f i g u r a t i o n  

3 . 2  S t a g e  M o d i f i c a t i o n s  

3.3 Ground S u p p o r t  Equipment 
M o d i f i c a t i o n s  

4 .  SEQUENCE OF EVENTS . . . . . . . . . . . . .  E l e c t r o n i c s  and FD&C 

5 .  COUNTDOWN OPERATIONS 

5 . 1  P r o p u l s i o n  Systems Checkouts  . . . . .  P r o p u l s i o n  

5.2 Launch V e h i c l e  T e s t s  . . . . . . . . .  P r o p u l s i o n  

5.3 Countdown Demons t r a t ion  T e s t  . . . . .  P r o p u l s i o n  

5 .4  Launch Countdown . . . . . . . . . . .  P r o p u l s i o n  

5 .5  Envi ronmen ta l  C o n t r o l  
Sys tems . . . . . . . . . . . . . . . .  S t r u c t u r a l / M e c h a n i c a l  

5 .6  T e r m i n a l  Count . . . . . . . . . . . .  P r o p u l s i o n  and E l e c t r o n i c s  

5 .7  Holds  . . . . . . . . . . . . . . . . .  P r o p u l s i o n  

5 . 8  Launch Envi ronment  . . . . . . . . . .  DAC/FTC TP&E Committee 

6. CPIF . . . . . . . . . . . . . . . . . . . .  FD&C and S-IVB P r o j e c t  

7. TRAJECTORY . . . . . . . . . . . . . . . . .  FD&C 

7.1 Comparison Between A c t u a l  and P r e f l i g h t  
P r e d i c t e d  T r a j e c t o r i e s  

7 . 2  T r a j e c t o r y  S i m u l a t i o n  A n a l y s i s  

* Each Des ign  Technology w i l l  summarize i t s  i n d i v i d u a l  a r e a s .  The S-IVB TP&E 
S e c t i o n  w i l l  i n s u r e  c o m p a t i b i l i t y  be tween t h e  v a r i o u s  a n a l y s e s .  A  s e p a r a t e  
anomaly summary w i l l  be  developed by t h e  TP&E Committee. 

i. I n c l u d e s  s e r i a l  numbers of  s i g n i f i c a n t  s t a g e  end i t e m s ,  o r i f i c e  s i z e s ,  nomina l  
p r e s s u r e  s w i t c h  s e t t i n g s ,  and nominal  r e g u l a t o r  s e t t i n g s .  S i g n i f i c a n t  
m o d i f i c a t i o n s  t o  t h e  s t a g e  s i n c e  a c c e p t a n c e  f i r i n g  a r e  l i s t e d ,  i f  any. 

20 December 1966 



TABLE 6-3 (Shee t  2 of 5) 
S-LVB-206 STAGE FLIGHT EVALUATION REPORT OUTLINE 

SECTION 
ENGINEERING 

SECTION 

. . . . . . . . . . . .  8. MASS CHARACTERISTICS Weight C o n t r o l  

9, ENGINE SYSTEMS 

. . .  9 . 1  Eng ine  Chi l ldown and C o n d i t i o n i n g  P r o p u l s i o n  

9 .2  Engine  Pe r fo rmance  . . . . . . . . . .  P r o p u l s i o n  

. . . . . . . . . .  9 . 3  Sequence o f  Even t s  P r o p u l s i o n  

9 . 4  Component O p e r a t i o n  . . . . . . . . . .  P r o p u l s i o n  

9 . 5  F l i g h t  S i m u l a t i o n  A n a l y s i s  . . . . . .  FDGC 

. . . . . . . . . .  10 .  SOLID ROCKET PERFORMANCE P r o p u l s i o n  

l 0 , l  U l l a g e  Rocke t s  

1 0 . 2  R e t r o r o c k e t s  

. . . . . . . . . . . . . .  11. OXIDIZER SYSTEM P r o p u l s i o n  

11.1 P r e s s u r i z a t i o n  C o n t r o l  and 
I n t e r n a l  Environment 

1 1 . 2  Cold Helium Supply  

1 1 . 3  Hear Exchanger  

1 1 . 4  TdOX Chi l ldown 

1 1 . 5  Engine  LOX Supp ly  

. . . . . . . . . . . . . . . .  1 2 .  FUEL SYSTEM P r o p u l s i o n  

1 2 . 1  P r e s s u r i z a t i o n  C o n t r o l  and I n t e r n a l  
Environment 

1 2 . 2  LH2 Chi l ldown 

1 2 . 3  LH2 Supply  

1 2 . 4  LH2 B o i l o f f  

. . . . . . . .  13.  AUXILIARY PROPULSION SYSTEM P r o p u l s i o n  

1 3 - 1  O p e r a t i o n  

13. I ,  l O x i d i z e r  Sys tem 

l 3 . 1 , 2  F u e l  Sys tem 

L 3 , l ,  3 Helium Sys tem 

13 .2  Module No, 1 Per fo rmance  

1 3 . 3  Module No, 2  Pe r fo rmance  
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TABLE 6-3 ( S h e e t  3 o f  5 )  
S-IVB-206 STAGE FLIGHT EVALUATION REPORT OUTLINE 

SECTION 
ENGINEERING 

SECTION 

14.  PNEUMATIC CONTROL AND PURGE . . . . . . . . P r o p u l s i o n  

1 4 . 1  Ambient Helium Supply  

1 4 . 2  Pneumat i c  C o n t r o l  

1 4 . 3  S t a g e  Helium Purge  Sys tem 

15.  PROPELLANT UTILIZATION . . . . . . . . . . . PU A n a l y s i s  P a n e l  

1 5 . 1  P r o p e l l a n t  Mass H i s  t o r y  

1 5 . 2  Sys  tem Performance  

1 5 . 3  Subsys tem Performance  

16 .  S-IB/S-IVB STAGE SEPARATION . . . . . . . . FD&C 

1 6 . 1  S t a g e  S e p a r a t i o n  and C l e a r a n c e  
A n a l y s i s  

16 .2  C o n t r o l  Sys t e m  Response t o  
S e p a r a t i o n  T r a n s i e n t  

17 .  DATA ACQUISITION SYSTEM PERFORMANCE . . . . E l e c t r o n i c s  

1 7 . 1  I n s t r u m e n t a t i o n  Sys t e m  Pe r fo rmance  

17 .2  Te leme t ry  Sys tem Performance  

1 8 .  ELECTRICAL SYSTEM PERFORMANCE . . . . . . . E l e c t r o n i c s  

1 8 . 1  C o n t r o l  System 

18.2  E l e c t r i c a l  Power Sys tem 

19.  RANGE SAFETY SYSTEM PERFORMANCE . . . . . . E l e c t r o n i c s  

1 9 . 1  C o n t r o l l e r s  

19 .2  F i r i n g  U n i t  Mon i to r s  

1 9 . 3  CDR S i g n a l  S t r e n g t h  

20. FLIGHT CONTROL . . . . . . . . . . . . . . . FD&C 

2 0 . 1  G e n e r a l  

20 .2  C r i t i c a l  P a r a m e t e r s  Dur ing  
T r a n s i e n t  P e r i o d s  

2 0 - 3  S l o s h i n g  

20 .4  Body Bending 

20-5 F l i g h t  C o n t r o l  Sys tem 

2 0 . 6  APS Sys tem S i m u l a t i o n  
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TABLE 6-3 ( S h e e t  4 of  5) 
S-LVB-206 STAGE FLIGHT EVALUATION REPORT OUTLINE 

SECTION 
ENGINEERING 

SECTION 

. . . . . . . .  21. HYDRAULIC SYSTEM PERFORMANCE 

2 1 . 1  H y d r a u l i c  Sys tems O p e r a t i o n  

21 .2  Se rvo  Sys tems O p e r a t i o n  

22. STAGE STRUCTURE AND ENVIRONMENT 

2 2 . 1  E x p l o s i v e  Ordnance Equipment . . . . .  
22.2 F l i g h t  Loads ( S t r a i n  A n a l y s i s )  

S t r e n g t h  

23.  FORWARD SKIRT THERMOCONDITIONING . . . . . .  
. . . . . . .  2  4. AERO /THERMODYNAMIC ENVIRONMENT 

2 4 . 1  Aerodynamic Envi ronments  

24 .2  Thermodynamic Envi ronments  

25. ORBITAL FLIGHT ANALYSES 

. . . . . . . . . . . . . . . .  2 5 . 1  Summary 

. . . . . . . . . .  25.2 S e q u e n c e o f  E v e n t s  

2 5 , 3 V e n t S y s t e m s  . . . . . . . . . . . . .  
25 .4  A u x i l i a r y  P r o p u l s i o n  Sys tem . . . . . .  

. . . . . . .  25.5  V e h i c l e  Mot ion  and F o r c e s  

25.6 F l i g h t  C o n t r o l  . . . . . . . . . . . .  
25.7  Thermodynamic Environment . . . . . . .  
25 .8  Data A c q u i s i t i o n  and E l e c t r i c a l  

Systems . . . . . . . . . . . . . . . .  
25 .9  H y d r a u l i c s y s t e m  . . . . . . . . . . .  

. . . .  25.10  S t a g e  Pneumat i c  C o n t r o l  Sys tem 

2 5 . 1 1  Forward S k i r t  The rmocond i t ion ing  . . .  
. . . . . . . . .  25.12  S-IVB/CSM S e p a r a t i o n  

S-IVB P r o j e c t  

E l e c t r o n i c s ,  FD&C, P r o p u l s i o n  

P r o p u l s i o n  

P r o p u l s i o n  

FD&C 

FD&C 

Aero/Thermodynamics 

E l e c t r o n i c s  

~ t r u c t u r a l / ~ e c h a n i c a l  

P r o p u l s i o n  

S t r u c t u r a l / M e c h a n i c a l  

FD& C 



TABLE 6-3 (Shee t  5 of 5 )  
S-IVB-206 STAGE FLIGHT EVALUATION REPORT OUTLINE 

APPENDIX 
ENGINEERING 

SECTION 

. . . . . . . .  1. Mass C h a r a c t e r i s t i c s  (WS11) Weight Cont ro l  

. . . . .  2 ,  F l i g h t  T e s t  R e c o n s t r u c t i o n  (PA49) Propu l s ion  

. . . . . . . . . .  3. F l i g h t  T e s t  Data (AA89) P r o p u l s i o n  

. . . . . .  4. Flowmeter R e c o n s t r u c t i o n  (G105) P r o p u l s i o n  

. . . . . . . . . .  5. F l i g h t  T e s t  Data (F823) P r o p u l s i o n  

. . . . . . . . .  6. Observed T r a j e c t o r y  (AA83) FDGC 

. . . . . . . .  7. F l i g h t  Simulated Data (AC77) FDGC 

. . . . . . . . . . . .  8. M e t e o r o l o g i c a l  Data FD&C 

. . . . . . . . .  9.  G l o s s a r y  and A b b r e v i a t i o n s  S-IVB P r o j e c t  

20 December 196G 
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7. CPIF CONTRACT TECHNICAL PERFORMANCE CRITERIA 

7.1 General 

Douglas Aircraft Company, Inc. (DAC) will be awarded a bonus if the 

S-IVB-206 stage successfully accomplishes the assigned flight mission. 

Conversely, DAC will be assessed a penalty if the S-IVB-206 stage fails 

to accomplish the assigned flight mission because of inadequate stage 

performance. 

7.2 Flight Mission Accomplishment 

A mission is considered successful if the S-IVB-206 stage delivers to 

the payload acceptably valued end conditions of flight (ECF) or, if 

having received from the S-IB-206 stage and IU inadequate preconditions 

of flight (PCF), the S-IVB stage performance is such that the ECF would 

have been acceptably valued had the PCF been adequate. 

As of the publication date of this document, DAC has not been provided 

sufficient mission definition to establish the PCF and ECF; and therefore, 

it is intended that they will be included in a subsequent revision to 

this document. 

The Contract End-Item Detail Specification Performance/Design Require- - 
ments S-IVB Stage, for use with Saturn Vehicle SA-206 is CEI No. 2080068 

(reference 10). 

7.3 Payload Capability 

The capability of the S-IVB-206 stage to meet a specification payload will 

be established by engineering analysis, in accordance with the methodology 

set forth in DAC Report No. SM-47263, Specification for the Calculation 

of Payload Capability Under the CPIF Exhibit to NAS7-101, dated 

12 January 1966 (reference 11). The provisions of Exhibit J to Supplemental 



Agreement 800 w i l l  app ly  i n  t h e  even t  of any c o n f l i c t  w i t h  t h e  

p r o v i s i o n s  of SM-47263. Within s i x t y  (60) days a f t e r  l aunch  a  

C e r t i f i c a t e  of Payload C a p a b i l i t y  w i l l  be  d e l i v e r e d  t o  t h e  C o n t r a c t i n g  

O f f i c e r  s t a t i n g  s p e c i f i c a t i o n  payload c a p a b i l i t y  and p r e d i c t e d  payload 

c a p a b i l i t y  f o r  t h e  S-IVB-206 s t a g e .  

7.4 Telemetry Performance 

The i n f o r m a t i o n  i n  t h e  fo l lowing  paragraphs  d e f i n e s  t h e  t o t a l  number 

of S-IVB-206 measurements t h a t  w i l l  b e  e v a l u a t e d  under t h e  CPIF ( c o s t  

p l u s  i n c e n t i v e  f e e )  c o n t r a c t .  

a ,  The measurements t o  be e v a l u a t e d  a r e  t h o s e  l i s t e d  i n  DAC 

Drawing No. lB43559, I n s t r u m e n t a t i o n  Program and Components 

L i s t  S a t u r n  S-IVB-206. Of t h e s e  231 measurements, on ly  those  

t h a t  a r e  whol ly  l o c a t e d  on t h e  S-IVB-206 s t a g e  and which a r e  

o p e r a t i v e  a t  t h e  s t a r t  of t h e  au tomat ic  launch sequence d u r i n g  

t e r m i n a l  launch countdown a r e  t o  be  e v a l u a t e d  under t h e  CPIF 

c o n t r a c t .  C e r t a i n  measurements t h a t  appear  on t h i s  l i s t  a r e  

n o t  a c t i v e  d u r i n g  f l i g h t .  These measurements a r e  l i s t e d  below 

a l o n g  w i t h  t h e  reasons  why they  w i l l  n o t  be inc luded  among t h e  

CPIF measurements : 

Measurement Xeasurement 
Number T i t l e  

K0141-411 Event - R/S 1 P u l s e  
Sensor 

IC0142-411 Event - R/S 2 P u l s e  
Sensor 

K0143-404 Event - U/R 1 I g n i t i o n  
P u l s e  Sensor  1 

K0144-404 Event - U / R  1 I g n i t i o n  
P u l s e  Sensor 2  

K0145-404 Event - U / R  2  I g n i t i o n  
P u l s e  Sensor  1 

Reason 

These measurements 
a r e  f o r  checkout on ly  
and a r e  n o t  t r a n s -  

* m i t t e d  d u r i n g  f l i g h t  
by t h e  S-IVB-206 s t a g e  
TIM system. 



Event - U / R  2 I g n i t i o n  
P u l s e  Sensor 2 

Event - U / R  3 I g n i t i o n  
P u l s e  Sensor 1 

Event - U/R 3 I g n i t i o n  
P u l s e  Sensor  2 

Event - U / R  J e t t i s o n  1 
P u l s e  Sensor 

Event - U/R J e t t i s o n  2 
P u l s e  Sensor 

Evenr - PU Oven On 
I n d i c a t i o n  

Event - Rate  Gyro 
Wheel Speed OK Ind 

Event - Switch S e l e c t o r  
R e g i s t e r  T e s t  

Event - EBW Pulse  
Sensor  OFF Ind 

These measurements a r e  
f o r  checkout  on ly  
and a r e  n o t  t r a n s m i t t e d  

i" d u r i n g  f l i g h t  by t h e  
S-IVB-206 s t a g e  TIM 

/ system.  

b ,  A s  s t a t e d  above, 14 of t h e  231 measurements appear ing  i n  t h e  

IP&CL w i l l  n o t  be  e v a l u a t e d  f o r  i n c e n r i v e  purposes .  There fore ,  

t h e  maximum number of measurements t h a t  may b e  e v a l u a t e d  i-s 

217 ( s e e  e .  below) . 
c .  The expec ted  d u r a t i o n  o f  t h e  Telemetry Performance Eva lua t ion  

P e r i o d  (TPEP) Phase  I, i s  from AS-206 l i f t o f f  u n t i l  1 0  s e c  a f t e r  

t h e  S- IVB eng ine  c u t o f f  s i g n a l .  

d. The d u r a t i o n  of TPEP Phase 11, i s  t h e  d u r a t i o n  of o r b i t a l  

a t t i t u d e  c o n t r o l  o r  l i f t o f f  p l u s  4.5 h o u r s ,  whichever occurs  

f i r s t ,  (The d u r a t i o n  of o r b i t a l  a t t i t u d e  c o n t r o l  i s  yet t o  

be d e f i n e d , )  

e ,  ALL measurements which a r e  i n o p e r a t i v e  a t  t h e  s t a r t  of  t h e  

au tomat ic  launch sequence dur ing  t h e  t e r m i n z l  launch countdown 

will be s u b t r a c t e d  from t h e  t o t a l  number of measurements s t a t e d  

20 December 1966 



i n  paragraph b. above (217).  The r e s u l t i n g  number of 

measurements w i l l  be  used t o  determine t e l e m e t r y  

performance f o r  i n c e n t i v e  accomplishment. 

To i n s u r e  t h e  r e q u i r e d  t r a n s m i s s i o n  of d a t a  from t h e  S-IVB 

t e l e m e t r y  sys tem,  t h e  fo l lowing  commands must b e  r e c e i v e d  from 

t h e  I U  a s  scheduled i n  t h e  sequence o f  e v e n t s :  

(1)  T/M C a l i b r a t i o n  Relays ON 

(2) T/M C a l i b r a t i o n  Relays OFF 

(3)  PCM System Group ON 

* ( 4 )  PCM System Group OFF 

(5) PCM RF Assembly Group ON 

*(6)  PCM RF Assembly Group OFF 

* This  command may n o t  be  used d u r i n g  f l i g h t ,  b u t  t h e  c a p a b i l i t y  must e x i s t .  

20 December 1966 



SEQUENCE OF EVENTS 

The AS-206 f l i g h t  sequence of e v e n t s  p resen ted  i n  t h i s  appendix is  

based upon MSFC'S sequence requ i rements  a s  i n d i c a t e d  i n  t h e  I n t e r f a c e  

C o n t r o l  Document 40M33606% D e f i n i t i o n  of S a t u r n  SA-206 F l i g h t  Sequence 

Program and I n t e r f a c e  Rev is ion  Not ices  R-1, R-2, and R-3 t h e r e t o  

( r e f e r e n c e  1 2 ) .  T h i s  sequence of e v e n t s  i s  s u b j e c t  t o  change and is 

a c c u r a t e  on ly  as of t h i s  d a t e  of p u b l i c a t i o n .  Tab le  AP-1 p r e s e n t s  t h e  

planned f l i g h t  sequence of even t s .  Table  AP-2 d e f i n e s  t h e  symbols 

used w i t h  t h e  sequence of e v e n t s .  

The f l i g h t  t i m e s  p r e s e n t e d  i n  t h e  sequence of e v e n t s  do n o t  r e f l e c t  t h e  

changes i n  t r a j e c t o r y  due t o  f i n a l  p r o p u l s i o n  p r e d i c t i o n s  p resen ted  

i n  appendix 5. 

20 December 1966 
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SYMBOL 

AP S 

C SM 

ED S 

IU 

LM 

LET 

LV / SC 

N /A 

PU 

SLA 

SSS 

1 

2 

TABLE AP 1-2 
SYMBOL DEFINITIONS 

DEFINITION 

Auxiliary Propulsion System 

Command-Service Module 

Emergency Detection System 

Instrument Unit 

Lunar Module 

Launch Escape Tower 

Launch Vehicle/Spacecraft 

Not Applicable 

Propellant Utilization (System) 

Spacecraft LM Adapter 

Stage Switch Selector 

Time Base Initiated by Vehicle Liftoff 

Time Base Initiated by Actuation of any S-IB 
Propellant Level Sensor 

Time Base Initiated by S-IB Outboard Engine 
Cutoff Command 

Time Base Initiated by S-IVB Engine Cutoff 
Command 
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MASS CHARACTERISTICS DATA (WSll) 

This appendix presents the S-IVE-206 stage mass characteristics as 

computed for the WSll computer program. 

Table AP 2-1 is a mass breakdown summary consisting of an itemized 

listing of major components (including all propellants, gases, etc.) 

giving mass, center of gravity, and moments of inertia including a 

summation for the indicated time. In addition, a jettisoned item 

summary is presented at the appropriate times. Table AP 2-2 is a mass 

characteristics summary which includes a time listing of the S-IVB-206 

stage mass characteristics. Figures AP 2-1 and AP 2-2 present graphs 

of S-IVB-206 stage mass characteristics. Supplementary information is 

contained in table AP 2-3 (definitions of terms and abbreviations used 

in the printouts), and figure AP 2-3, S-IVB-206 stage station numbers. 

All mass characteristics parameters are time referenced to AS-206 vehicle 

liftoff and progress chronologically from liftoff to separation. Data 

are also presented at a predicted S-IVB engine cutoff time of 586.4 sec. 

There will normally be some optional conversions of individual parameter 

totals. These conversions will appear below the total line in the 

appropriate columns under abbreviations indicating the unit system to 

which they have been converted. 

The sources of the mass characteristics data presented in the WSll 

computer program are presented below. It should be noted that the data 

presented in this appendix were based on the final propulsion predictions 

as presented in appendix 5 of this test plan; therefore, some flight 

times are not in agreement with trajectory information and with appendix 1, 

which were based on preliminary S-IVB engine performance data. 

a. The S-IVB-206 stage dry mass is based on the stage weight as 

measured at DAC/STC on 7 December 1966. 

b. The S-IVB payload (IU, adapter, service module and propellants, 

command module, launch escape system) data were derived from MSFC 

memorandum R-PGVE-VAW-66-62: Saturn IB, AS-206 Mass Character- 

istics, dated 13 July 1966 (reference 13). 
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c .  P r o p e l l a n t  mass f lows  a r e  based on t h o s e  found i n  appendix  5 

of t h i s  document 

d .  S-IVB-206 p r o p e l l a n t  l o a d i n g  a s  p r e s e n t e d  i n  appendix  6 of t h i s  

document. 
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TABLE AP 2-1 (Sheet 1 of 9) 
PREDICTED S-IVB-206 MASS BREAKDOWN SUMMARY 

AS-206 LIFTOFF TI IE 0 . 0  ITEMS REMAINING 

5-1815-IVB SEPARATICN TIWE 142.5 ITE16 JETTISONED 

7. Ill l AGF PK T GRN 
8. Ill 1 AGF FKT CCF 

21. NOCF CONF 
75. Cl A RING 

27. AOAPTFR 
78. INCTRIJIINT l lN I T  
79. FXPFRIHNT NO 7 
30. C4R?C6 DRY STG 
11. L O X  IIILAGE G A S  
37. LOX I N  TANK 
11. 1 OX IN P ~ R T S  
34. LOX I N  I INFC 
15. LOX I N  tN61NF 
36. LOX RFI O VALVE 
17. LH7 IILLAGF GAS 
38. LH? I N  TANK 
%9. l H 7  I N  L INFC 
40. LH? I N  ENGINF 
41. I H? 8FLO VALVF 
42. COI o HE OIIAO 1 
43. COLO HF OUAO 7 
44. APC PROP FP 1 
45. APC PROP FP 1 
46. APC HEL IUU 
47. HYORAIlLlC 01L 
48. N2 HYO GFCERVF 
49. AIR HYO PUMP 
50. HF ENG PNFU 
51. I1F VFH PNFll 
57. GH7 CTAPT TIYK 
53. FNV CONT F L l l l O  

TOTAL RFHAlNIN6 

5-IBIS-IVB SEPARATION T1t.E 142.5 ITEt,15 REMINING 

SL F 
. l 2 9 6 6 5 8 5  C3 

410G.GG 
15C.00 

71676.00 
40.00 

197906.30 
13.00 

74h.00 
10A.00 

0.00 
189.00 

37588.00 
38.00 
10.00 

0.00 
56.00 

172.0r 
64.00 
64.0n 

3.10 
15.C0 

2.00 
n . 5 ~  
2.55 
1.00 
5.00 

14.00 

296519.70 
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SLF 
. l o 5 6 1 8 6 7  0 6  

SLF 
.91680017 C2 

CFO OFSCRIPTION 

7. LILl LGF RKT GRN 
R. I11 LLGF RKT CSE 

73. NOSF CONF 
25. \LA RING 
16. 1 FH 
77. ADAPTER 
7R.  INCTRIIHNTUNIT 
79. FXPFRlHNT NO ? 

h99. lC 
691.60 
315.73 
310.26 
241.78 
155.1C 
136.R!! 
71.0P 
7 1 . 3 ~  

619.49 
436.51 
187.91 
71.0C 
71.3" 

521.3C 
494. 3t 
248.W 
248.30 
248.9C 
l lO.3C 
175.80 
1 3 n . x  

88.4r 
164.60 

~ 4 . w  
662.7t 

352.79 

SLF 
.91689017 92 

SLF 
.27483386 C7 

MASS 

IPOUNOSl 

171.37 
214.46 

1400.00 
75.00 

135PO.CC 
3625.0C 
40OC.00 

150.00 

-3.1 
105.5 

8.8 
O.J 
C.0 

-25.0 
6.4 
0.0 
0.0 
0.0 
0.0 

-59.9 
0.0 
0 . 0  

86.3 
113.8 

0.0 
~ . 3  
3.'  

-4.2 
-37.2 

0.7 
0.0 

61." 
-22.4 

9.0 

0.9 

SLF 
-27476554 0 7  

11. I n x  IILLAGF G A S  
37. 1 OX I N  TANK 
13. LOX I N  PflRTS 
14. IOX I N  L lNEC 
15. LOX I N  ENGINE 
16. LOX RFLO VALVE 
37. l H7 Ill LAGE G I s  
3R. LH? I N  TANK 
39. LH7 I N  L INFC 
40. I H ?  I N  ENGINE 
41. I H? RELO VbLVE 
42. C O l 0  HE OUAD 1 
43. r n t  n HF OULO 7 
44. APC PROP FP 1 
45. APC PROP FP 3 
46. APC HFL IUM 
47. HYORAllLIC O I L  
4R.  N7 HYO RESFRVE 
49. AIR HYO PUMP 
50. HE FNG PNFU 
51. HE VFH PNEU 

SLF 
. l o 5 1 0 3 5 2  0 6  

-8.1 
-51.6 

-2.5 
O.L 
U.0 

G O  
-9.9 

C.0 
0.0 
0.6 
0.0 

-64.8 
L.L 
U.0 

-75.6 
26.3 

-14L.U 
14C. i  

L.0 
6.0 

10.7 
C.L 
0.0 

17.5 
14.6 
L.U 

-L.5 

STATION1 INCHES) 

H. ARH 

225.R0 
222.0C 

1Q96.90 
R19.7C 
794.50 
858.00 
699.10 
691.60 

MOI IPOUNO INCHES SOULRE1 

SLF 
.27476316 07 

.65162278 0 8  

.503113520 0 6  
,24816852 0 9  
. O O O ~ O Q C O  o b  
~ 0 0 0 0 0 0 0 0  0 0  
.187200CU 0 4  
.22718616 05 
-13049182 0 6  
.90000000 0 n  
.00GC0000 0 0  
.60000000 0 0  
-44993827 0 5  
.12C82576 05 
.60U000G0 0 0  
.0dGGOC00 0 0  
.OOCOOOCO 0 0  
.00GO0000 0 0  
. 0 0 0 0 0 ~ 0 0  0 0  
.OOCGOCOO 0 0  
.864900CC 0 4  
~030G01100 0 0  
. d 0 0 0 0 0 0 ~  00 
' .ooo(~o@ur~ 00 
.000C0000 OC 
. C > ~ O O C L O  9 0  
.215264CC 0 6  

.48933764 0 9  

ROLL 

.34501195 0 7  

.39328909 0 7  

.53989739 0 7  

.43594(31 0 6  

.,11160855 0 9  

.42593132 0 8  

. 6 0 1 6 2 2 7 8 0 8  

.50303523 0 6  

CLF 
.27469485 0 7  

L.4RM 

0.0 
0.4 
0.0 
0.0 
1.0 
0.6 

-3.1 
105.5 

.32869690 0 8  

.40248599 06 

.90003545 09 

.uoooocbo 60 

.00000UbU OU 

.292500UO 0 4  

.22718616 05 
-60253674 05 
.00d000u0 00 
.000GOOu0 0 0  
. I 2 6 0 0 8 2 6  09 
.48051516 05 
.5579C439 C4 
.0000UD00 GO 
.30395840 05 
.158120U1 06 
.92166J00 0 4  
.92160000 0 4  
.GGOGbOLO bG 
.33750000 0 4  
.JOLCOOOO UO 
. J O G C ~ W O  uo 
.JOUOO~OO 00 
.OOUuOU06 Cu 
.JOUUOO~O LO 
.1076044u 06 

-12733218 1 1  

V.ARH 

0.0 
-0.7 

0.0 
-1.8 
-0.7 
-2.3 
-8.1 

-51.6 

P 1 TCH 

-17391396 C7 
. I9653613 07 
.23810326 0 7  
.23478018 0 6  
.12555426 L 9  
.60032840 68 
. 3 2 0 6 9 6 9 0 G 8  
.4U248599 u6 

.3P45?250 0 9  

.19962150 Oh 
-89879915 '9 
. ' ronnn0r OD 
.GOOCOC09 CO 
.325COlOn 7 3  
-22718616 05 
.60753674 35 
.O"OPCOOC uc 
.CIOCOL00 "C 
.126OC826 09 
.48051516 05 
.55790439 0 4  
.O'lJOJ?CO OG 
.30395840 05 
.15812G01 06 
.9216009n C4 
. 9 2 1 6 q e ~ 0  54 
.0700*"CO 9P 
.33750C30 0 4  
.COOCOO00 03 
.CI -~ I~  ~ W I  LC 
. C P O O Q C O ~  rr 
.Uf'rLL"?G OD 
. L T ? ~ o ~ ~ ~  pn 
.1<76C44? 1 6  

,12730052 1 1  

YAH 

.17391396 9 7  

. I 9 6 5 3 6 1 3  0 7  

.23810326 0 7  

.20124300 9 6  

. I 2 5 5 5 4 2 6  0 9  

.58657785 OR 

. 3 0 4 5 0 2 5 0 0 8  

.10P62150 Oh 



TABLE AP 2-1 (Sheet  2 of 9 )  
PREDICTED S-IVB-206 MASS BREAKDOWN S U i W R Y  

5-IVB 90 PERCEM THRUST T I E  147.2 I T E M  REMINING 

SLF 
. 1 C 4 8 2 1 7 3  06 

R. I IL l  AGF KKT CCF 
72. NnZF TONF 
75. CI A PIFIG 

7R. INSTRUMNT UNIT 

11. ~ n x  IIILACE G A Z  
17. LOX I N  TANK 
27. I n x  r N  p n n r s  
74. I n x  IN I INFZ 
75. I nX I N  FNCINF 
76. ~ n x  R F I ~  V A L V F  
17.  LH7 ULLAGE BAS 
l R .  LH7 I N  TANK 
39. I H ?  I N  LINEZ 
40. LH? I N  €NBINF 
41. I H7 RE1 0 VALVE 
47. t n t n  HF OIJAO I 
43. rn l  D HE OUAD z 
44. APC PROP FP 1 
45. A P Z  PRnP FP 3 
46. APZ HFLIUN 
47. HYDRAlll lC OIL  
48. N? HYO RESERVE 
49. AIR HYD Pump 
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SLF 
.27472638 07 

SLF 
.274658C7 0 7  



TABLE A .  2 -1  (Sheet 3 of 9) 
PREDICTED S- IVB-206  BREAKDOWN SUMMARY 

S W Y  PRINTOW T I M  154.5 ITEMS JETTISWED 

S W Y  PRINTOUT T I E  154.5 ITEMS REWINING 

37. 1 H? U L l  AGF CAC 
78. I H? I N  TANK 
79. I H ?  I N  L I N E Z  
40. L H 7  I N  ENCINF 
41. I H ?  RFLO V I L V F  
47. C ~ I  n HF OIIAD I 
47. COLD HF 0u.m 2 
44. APZ  PenP FP 1 
45. APZ PenP FP 3 
46. APZ HFI IUY 
47. H Y O R A l l L l t  O I L  
4R. N 7  HYO RFZERVF 
49. A I R  HYD PUMP 

14. i n x  IN I I N E ~  
75. LOX I N  FNGINF 
76. LOX RFLO VALVF 
37. I H? U L l  ACF CA5 
3 8 .  LH? 1N TANK 
39. l H 7  I N  L I N E S  
40. I H ?  I N  ENCINF 
41. L H 7  R F L n  VALVF 
41. C O l O  HF DUAO 1 
43. COl O HF Ql lAD 7 
44. APZ PROP FP 1 
45. APS PROP FP 3 
46. APT HE1 I O U  
47. HYDLAl l l  I C  O I L  
48. N? HYD RESFRVF 
49. AIR HYO PtlHP 
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TABLE AP 2-1  ( S h e e t  4 of 9 )  
PREDICTED S-IVB-206 MASS BREAKDOWN SUMMARY 

S W Y  PRINTCUT T I E  300.0 ITEI.5 RE1,\4INING 

33. t OX I N  PORTZ 
34. LOX I N  LlNFZ 
35. I n X  I N  ENtlNF 
16. IOX BEL0 VALVE 
37. I H7 ULLAGE SAC 
3R. LH? I N  TANK 
39. I H 7  I N  LlNFC 
4C. LH7 I N  FNGINE 
41. LH? 8EL0 VALVE 
47. COlO HF QUAD 1 
43. COl 0 HF QUA0 7 
44. APZ PROP FP 1 
45. Apt  PROP FP 3 
46. IPS  k E l  I l lM 
47. HYOPAllLIC OIL 
48. N? HYO PFtERVF 
49. AIR HYD PUMP 
50. HE EN6 PNFU 

7. AOAPTFR 

20 December  1966  

33. LOX I N  PORT5 
34. LOX I N  LINFZ 
35. I OX I N  ENGINE 
16. LOX RFLO VALVE 
37. LH7 ULLAGF GAS 
38. I H ?  I N  TANK 
39. 1H7 I N  LINE5 
40. I H ?  I N  ENGINF 
41. LH7 RFLO VALVE 
47. COl O HE UUAO 1 
43. COLD HE OUAO 7 
44. APZ PROP FP 1 
45. APZ PROP FP 3 
46. APZ HFLIUH 
47. HYOPAIIL IC 011 
4R. N? HYO RFCERVF 
49. AIR HY0 PUMP 
56. HF FN6 PNFU 
51. HF VFH PNF~I  
52. 6H7 ZTAPT TANK 
53. FNV CON1 FLIIIO 

TOTAL RFMAINING 

13.00 
246.00 
10R.OC 
30.00 

262.37 
24689.64 

38.00 
10.00 
10.00 
72.00 

143.99 
62.97 
62.97 

3.00 
15.00 

7.00 
0.50 
7.55 
i . c n  
7.0P 

14.00 

212462.41 

SLF 
.10337OGC 06  

155.00 
136.80 
71.00 
71.00 

565.80 
386.85 
187.91 
71.00 
71.0C 

521.30 
494.30 
248.00 
248.00 
248.00 
11O.OIJ 
135.80 
130.00 
88.40 

1 6 4 . 6 ~  
84.00 

662.7C 

366.41 

SLF 
.26354367 C7 

-25.0 
6.4 
0.0 
0.0 
0.0 
0.0 

-59.9 
0.0 
0.0 

86.3 
113.8 

0.0 
O.C 
0.0 

-4.2 
-37.2 

0.0 
0.0 

61.0 
-22.4 

0.0 

1.7 

SLF 
,26346638 07 

10.0 
-9.9 

0.0 
0.0 
0.0 
L.U 

-64.8 
0.0 
0.G 

-75.6 
20.6 

-140.0 
140.0 

G.0 
6.0 

10.7 
b.0 
G.6 

17.5 
14.6 
0.0 

- 0  

.18720000 0 4  

.22718616 05 
-13049182 06  
-36247727 05  
.00000000 0 0  
.00000000 0 0  
.44993827 05 
-12082576 05 
-12082576 05 
.00000000 00 
.OOO00000 00 
.00000000 00 
.00000000 00 
.00000000 0 0  
.864600CO 0 4  
.00000GCG 00 
.000G0000 00 
.00C00000 0 0  
.ouooonoo 00 
.0OOC0000 0 0  
.21526400 06 

-47851939 09 

.292500UO U4 

.22718616 05 
-60253674 05 
-16737132 05 
~ 0 0 0 0 0 0 0 0  00 
. lo530822 69 
-48051516 L5 
-55790439 04 
.55790439 C4 
-25446362 05 
-13237251 C6 
.go674440 04 
-90674440 04 
.0000000U 00 
.33750000 04 
.0000U000 00 
~ 0 0 0 0 0 0 0 0  00 
.00000000 uG 
.JCOOOUGO 00 
.OLOLOOGO 00 
.15760440 06 

.12210108 11 

.32500000 03 

.22718616 05 
-60253674 05 
-16737132 05 
.0000q00O OP 
.I0530822 99 
.48051516 05 
-55790439 04 
-55790439 L4  
-25446302 C5 
-13237251 06 
.9E67444C 94 
.90674440 0 4  
.GOCOO~PO 00 
.337509CC 04 
.POCO0000 09 
.PS0OOODO 00 
.OOC@CC00 C C  
. c o r o n o ~ o  OD 
.0r?COfl00 OG 
.lC760440 06 

.12706555 11 



TABLE AP 2-1 ( S h e e t  5 of 9 )  
PREDICTED S-IVB-206 MASS BREAKDOWN SUMMARY 

E1.R CUTBACK T I M  438.9 ITEM5 REWINING 

S W Y  PRINTOUT T I E  500.0 ITEt6 REWINING 

CEO OFSCRIPTION 

73. NnCE CONF 
75. CL4 RING 
76. 1EM 
77. ADAPTER 
78. INCTRllMNT I l N l T  
29. FXPFRIMNT NO 7 
30. Z4R706 ORY ST6 
31. LOX Ill LAGF 6 6 5  
37. L ~ X  I N  TbNK 
37. IOX I N  PORT5 
14. LOX I N  L INE5 
75. 1OX I N  FNGINF 
36. L O X  RFI O VAI VF 
37. I H7 IILLAGF GAC 
3R. LH7 I N  TbNK 
39. l H 7  I N  L lNFS 
40. LHZ IN FNGINF 
41. LH? RFLO VALVF 
47. c-01 O HF 011~0 1 
47. COI O HF 0 l l ~ n  2 
44. A P C  P R ~ P  FP 1 
45. bPC PRnP FP 7 
46. APS HFLIIIM 
47. HYORbllLIC OIL  
4R. N7 HYO RECFRVF 
49. AIR HYO PIIMP 
5 r .  HE FNG PNFU 
5 1 .  HF V F H  PNFU 
57. GH? 5TbRT TANK 
53. FNV CON1 F l  D I D  

111TAl FFNAINING 

20 December 1966 

CFO O F S C R I P T I ~ Y  

73. NOZF CONF 
75. 51 A PING 
76. I FM 
77. ADAPTER 
78. INSTWllMNT l l N I T  
79. FXPFRIHNT NO 7 
30. S4R7C6 DRY ZIG 
71. 1 OX IIII AGF GAC 
77. I OX IN T ~ N K  
33. L I ~ X  IN P ~ R T S  
34. l o x  I N  L INFS 
75. I OX IN F N ~ I N F  
76. I OX PFLO VAl VF 
37. i n 7  IILLPGF G A S  
1R. I H7 I N  TANK 
79. I H7 I N  L 1 NEC 
40. LH7 I N  FN01NF 
41. LH7 HFlO V A l V t  
47. COI n HF a t ~ b n  1 
41. C.nLn HF OIlAn 7 
44. A P S  PROP FP 1 
45. A P C  PROP FP 3 
46. APS HF1 IIIM 
47. tlYnR4(11 lC. OIL  
48. N? HYD PFCEUVF 
49. AIR HYO PllMP 
TO. HF FNG PNFII 
51. +IF VFH PNFO 
57. GH7 START TANK 
53. FNV CONT FLUID 

TflTAl FkMAINING 

N4SS 

IPO~INOSI 

14CQ.OC 
75.00 

33500.00 
3625.00 
4GP0.00 

150.00 
71676.00 

774.67 
57910.37 

13.00 
246.00 
108.9O 

3r.nC 
377.65 

13059.35 
3R.CG 
1 0 . 0 ~  
l c . 0 0  
59.5f 

119.7L 
67.01 
62.01 

3.CC 
15.LO 

2 . x  
r .50  
7.55 
1 . r ~  
7.cr 

1 4 . l ~ r  

13F8"0.30 

SQUARE1 

YbU 

.23810326 C7 

.20124300 0 6  
,12555426 0 9  
.58657785 O R  
- 3 0 4 5 0 2 5 0  OR 
.13n62150 0 6  
.89R79915 0 9  
.OPJCOOOO Cfl 
.0Gn?00"0 CJ 
.325000PP C3 
.72718616 05 
.60253674 C5 
.16737132 "5 
.OCnC000J CO 
.OR860482 P8 
.48051516 65 
.5579n439 ( 4  
- 5 5 7 9 0 4 3 9  b 4  
.21r2961R 05 
. l q 9 3 9 6 9 3  0 6  
.89299731 9 4  
.89299731 0 4  
.UOCCOOCl 0C 
,337507Oo 0 4  
. " P L C O ~ C @  0'1 

. ~ W C C ~ W  r ?  

. o o ~ r n o o o  PC 

. r ~ n n ~ n o n  oc 

.00300000 CC 

.1C76P440 Ch 

.10784054 11 

SLF 
.2327631C n7 

HOI 

ROLL 

-53989739 0 7  
.43594031 0 6  
.11160855 0 9  
-42593132 0 8  
.60162278 0 8  
.503C352C 0 6  
.24816R52 0 9  
.COGCOO00 OC 
.00000000 0 0  
.18720000 0 4  
.22718616 0 5  
.13C49182 0 6  
.30247727 05 
.00GCQC00 0 0  
.ObGOOCCO 0 0  
-44943827 05 
. 1 2 ~ 8 2 5 7 6  c 5  
.12082576 05 
.OOOO!)OOC 0 0  
.001C~OCb CQ 
.JOCOOOOC 0 0  
.UULCOCLL CU 
.OOCOCCCO 0 0  
.864C')fiC0 0 4  
.OOGCOCCT 0 0  
.OOOCIICOC 00 
. ~ O O C O L C G  cc 
. O U O C ~ O O G  0 0  
.000L)CCO Or 
.215264CC Ob 

.47818844 0 9  

SLF 
. I0321223 P6 

(POUND INCHES 

PITCH 

.23810326 0 7  

.23478018 0 6  

. I2555426 C9 

.60032840 L8 
-32869690 U8 
.4L248599 i 6  
.90003545 b 9  
.OL030000 0 0  
.0503500G 0 0  
.29250000 6 4  
.22718616 05 
.60253674 05 
-16737132 U5 
. 0 ~ 0 0 0 0 l ~ G  LO 
.68860482 b 8  
.48051516 C5 
, 5 5 7 9 ~ 4 3 9  b4 
.55790439 0 4  
.21029618 U5 
. I6939693 06 
.89299731 b 4  
.a9299731 0 4  
. 3 0 b L 0 0 ~ 0  6 0  
.33750000 b 4  
. U G O L O O U ~  UII 
.UUC~GUOUO t o  
. O U J O O O ~ G  GO 
. ~ C J ~ ~ O O O  c 3  
.OULOOOUG r O  
. lC76C440 C6 

.1b788069 1 1  

SLF 
-23284847 57 

FATS 

IPPUNOSI 

IGC:.CC 
75.0C 

335W.CC 
3625.0? 
4COC.CO 

15J.16 
2lh70.DC 

323.27 
34539.15 

13.OP 
746.W 
10R.OO 

3P.CC 
741. 1~ 

8278.94 
3R.(!C 
1G.30 
1C.rjG 
54.74 

109.47 
h l . 5 9  
61.59 

3.90 
15.00 

7.00 
C.50 
2.55 
1.CC 
7.OF 

14.00 

lCR685.S7 

.103137:!R 06 

V.ARN 

0.0 
-1.8 
-0.7 
-2.3 
-8.1 

-51.6 
-2.5 

C.C 
L.0 

lC.O 
-9.9 
G.0 
C.0 
6.0 
U.U 

-64.8 
c .  
0.0 

-75.6 
20.C 

-14C.b 
14L.U 

C .  
6.11 

1 
L.L 

O.C 
17.5 
14.6 
6.0 

-1.- 

H. A R M  

1096.90 
839.7C 
794.50 
858.00 
699.lC 
691.60 
315.73 
263.32 
198.34 
155.OC 
136.80 
71.LC 
71.0C 

520.26 
341.32 
187.91 
7 1 . ~ ~  
71.W 

521.3C 
494.30 
74R.('C 
248.n0 
248.0C 
1lC.Or 
1 3 5 . 8 ~  
1 3 0 . ~ 0  

8 8 . 4 ~  
1 6 4 . 6 ~  
84.CC 

662.7C 

419.9G 

STbTIONIlNCHESI 

L.ARH 

0.0 
0.0 
1.0 
0.6 

-3.1 
105.5 

8.3 
0.0 
0.0 

-25." 
6.4 
0.0 
0 
O.0 
0.r' 

-59.9 
0.0 
0.0 

86.3 
113.8 

0.' 
C.O 
O.C 

-4.2 
-37.7 

0.9 
0 .o  

6 1 . ~  
-22.4 

0.0 

l.R 

.2L'6C26b4 L7 

H. ~ R P  

1 ~ 9 6 . 9 0  
R39.7C 
794.5C 
85R.*C 
699. lt 
691.6C 
315.73 
256.26 
18R. 24 
155.3C 
135.80 
71.OF 
71.10 

531.25 
320. U P  
187.91 
71.f>C 
71.00 

571.30 
494.30 
24R.CC 
2 4 ~ . n o  
248.O- 
11C.OC 
135.80 
130.CO 

48.40 
l 6 4 . 6 r  

84.01 
667.10 

466.16 

MOI 

ROLL 

.539e9739 v 

.43594C31 G6 

.111t0855 0 9  

.42593132 OP 

.60162278 3 8  

.5!23L352.? 0 6  

.24816852 0 9  

.IlOL(IOCCF; 00 

.00'3000(~0 OC 
.187200GO 0 4  
. 2 2 7 1 8 6 1 6 0 5  
.13049182 0 6  
.36247727 05 
. Q U ~ ~ O C I ! O  oc 
.0300C000 0 0  
.44993827 0 5  
. I2682576 05 
.12C8257h 05 
.COGC'JCW no 
.LLL.GSUX! O0(' 
.00C02090 0 0  
. % J C O ~ L C O  oc 
.OU&0CCL'CI 0 0  
.4641X!OCC 0 4  
.00LCOO00 0C 
.30COCCCU 0 9  
.0OLtJOOO 0 0  
.0?00~?0OU OL 
.UJLC:CCS 90 
.215264C?9Ob 

.47784026 0 9  

SLF 
.2"593727 3.17 

STbTlONlINCHESl 

L . A R P  

0.9 
0 
1.0 
C.6 

-3.1 
165.5 

8.P 
0.L. 
0..? 

-25.0 
6.4 
O.f, 
0.0 
O.L 
O.C 

-59.9 
0.5 
O.C 

86.3 
113.8 

q.' 
0 . 0  
1.3 

-4.7 
-37.2 

1.O 
J.D 

6l.f! 
-22.4 

0." 

2.3 

(POUND INCHES 

PITCH 

.23810326 ~7 

.23478018 L6 

. I2555426 04 

.66:32840 L8 

.32869690 LB 

.4G248599 06 

. 9 6 5 i 3 5 4 5  6 9  

.ObUC~lilrG GG 

.UCU5JU00 (i'J 

.292500b0 L 4  

. 2 2 7 1 8 6 1 6 ~ 5  

.60253674 U5 

. I6737132 b5 

. O ~ , U O ~ L ~ O  GG 

.46917637 L 8  

.48U51516 C5 

.55790439 C4 

.55793439 0 4  

.14345989 05 

.10b63838 06 

.88695017 C4 

. 8 8 6 9 5 ~ 1 7  6 4  

.OJUdOOLO 00 

.3375COGU u4 

. 3 i J J 0 5 X  i U  

.OOUGUJUO UU 

.UGOuOCJO GO 

.OLULOOv0 0 0  

.JdUCUOC!O 09 

. 1 ~ 7 6 ~ 4 4 0  06 

.95453378 10 

SLF 

V.ARH 

0 
-1.R 
7 
-2.3 
-8.1 

-51.6 
-2.5 

L.3 
C.O 
I .  
-9.9 

O.J 
0.0 
c.3 
G.G 

-64.8 
G.C 
6.G 

-75.6 
2L.C 

-14L.G 
1 4 ~ . 0  

b.L 
6.0 

l L . 7  
L.U 
i.u 

17.5 
14.6 
0.0 

-1.2 

SOlIAREI 

YAW 

. 2 3 9 1 ~ 3 2 h  ~7 

.29124305 0 4  

. I 2 5 5 5 4 2 6  0 9  

.'it3657785 L'R 

.3n45C25f 3R 

.1Fn62150 '6 

.R9874915 0 9  

. L ) ? C I : f i V ' l  ?I(- 

.03PCQC9'3 OC 

.325CqCqfl 9 3  

. 2 2 7 1 8 6 1 6 - 5  

.6'l253674 05 

. I 6 7 3 7 1 3 2  95 

.IC,~CDLICS CL 

.46917637 OR 

.4RJ51516 05 
,55190439 9 4  
- 5 5 7 9 0 4 3 9  0 4  
- 1 9 3 4 5 9 8 9  05 
.117'63838 36 
.R8695"17 0 4  
. 8 ~ 6 9 5 n 1 7  ~4 
.0)10.)201 7C 
.3375"L'00 r 4  
.0f!?Q!ICO0 QCI 
.OOO@QOCL ?C 
.OEIOCOnO 05 
.OYCOOSOC 014 
10?C?0093 5C 
. I 0 7 6 0 4 4 0  36 

- 9 5 4 1 1 9 5 1  1C 

SLF 



TABLE AP 2-1 (Sheet 6 of 9)  
P R E D I C T E D  S - I V B - 2 0 6  MASS BREAKDOWN SUMMARY 

S-IVB ECC T I E  586.4 ITEMS RElnAINING 

I I MASS I STATION( INCHES1 I HOI (POUND INCHES SOUAREI 

SLF SLF SLF I I .LC299274 0 6  I .121867CC 137 1 .12176YR4 $7 

CEO DFCC~~IPTION 

77. NOSF CONE 
75. 51 A RING 
76. LFM 
77. AOAPTFR 
78. INZTRIIMNT UNIT 
79. EXPERIHNT NO 7 
7C. C4R706 ORV CTG 
31. l n X  I l l l b C E  GAS 
32. IDX  IN TANK 
17. LOX I N  PORTC 
74. IOX I N  I I N F C  
35. I nx I N  FNGINF 
36. I OX RFIO VALVF 
37. I H7 I111 AGF GAC 
18. I H7 I N  TANK 
39. I H 7  I N  LINFC 
40. I n 7  I N  FNGINF 
41. I H7 RFLfl VALVF 
47. COLO HF OUAO I 
43. rnc [J HF OIJAO 7 
44. APC PROP FP I 
45. APS PROP FP 3 
46. A P C  HEI IIIH 
47. HVDRALJL lC OIL  
4R. N7 HYD PFZFRVF 
49. AIR HVD PUMP 
5P. HE FN6 PNEU 
51. HF VFH PNFIl 
57. GH? S T A R T  TANK 
57. FNV FONT FLULO 

TnTAl PFMAlNlNG 

20 O e c e m b e r  1966 

IPOUNOSI 

140Cz.00 
75.00 

3 3 5 6 t . ~ 0  
3625.0P 
4n00.00 

15n.CO 
21676.00 

397.CC 
2774.42 

13.00 
746.0P 
IP8.OC 

3b.00 
460.90 

1445.88 
3R.OP 
10.00 
10.00 
4P.OC 
96.00 
61.0C 
61.9C 

3.00 
1S.GC 

2 - 0 0  
Ll.5C 
7.55 
1.OC 
7 . 0 ~  

14.3C 

7f764.34 

STLTIONI INCHFSI POI (POUNO INCHtS SQUAPFI 

ZFO OEZEFIPTlf lN 

73. NOCF CnNF 
75. 21 A PING 
76. I FM 
77. ADAPTFR 
7R. INSTRIIMNT l l N l  T 
79. FXPFRIMNT Nfl 7 
1C. S4R7P6 DRY ST6 
11. I OX 01 LPGF G A ~  
37. I O X  IN TANK 
33. I OX IN PDRTC 
14. 10X I N  1 INFC 
35. I f l X  I N  FNCINF 
36. I Ox RFl O VAI VE 
17. I H7 IILLAGF GAS 
3R. 1 H7 I N  TANK 
39. I H7 I N  I INFZ 
4n. LH? I N  FNGINF 
41. I H 7  RElP VALVF 
47. c n ~  n HF OUAO I 
41. Cl l l  O HF OIlAO 7 
44. APS PROP FP I 
45. A P S  PROP FP 3 
46. A P Z  HFI IIIM 
47. HYDPAIJI lC f l l l  
48. N7 HYO LECFRVE 
49. PIP HYD PIIMP 
50. HF FNG PNEU 
51. HF VFH PNEIJ 
57. 6H7 STAPT TANK 
51. FNV CON1 FLIJIO 

TOTAl PFMAININC 

lPOllNOSI 

14Cr'.00 
75.FC 

335GC.nC 
1C75.CC 
4CPC.CO 

15C.CD 
2167h.0S 

393.65 
7645.47 

13.0C 
74h.CC 
l [ i l l .*0 
-n.r.C 

462.06 
1418.RR 

3R.IC 
11.CP 
- O . ? C  
4 a . 3 ~  
96.30 
61." 
6 1 . ~ 0  

3.90 
15.00 

Z.'lP 
C.50 
2.55 
1.00 
7.20 

14.00 

70069.99 

ROLL 

,539e9739 0 7  
.43594C31 0 6  
. I1160855 0 9  
.42593132 0 8  
.61162278 0 8  
.5030352C 0 6  
.24816852 0 9  
.OOOCOOCC OC 
.6CCOb000 OC 
.187203C(l 0 4  
.22718616 05 
.13L49182 0 6  
.36247727 05 
.LOOOOLOG oc 
.OOOC3COt 0 6  
.44943827 0 5  
.12L82576 05 
. I2682576 05 
.OOLO"LCC 3 0  
. O G C U ~ C C G C C  
.03COOLOC 0 0  
.0300OCGL OC . JCLOCCOL PO 
.864POUOC 0 4  
.930OCOJl' 3 0  
.OOOLvbGC 0 0  
.00bCOOGC OC 
.JOGOOCt3 0 0  
.JGCOOOOG 00 
.215264Ou 06 

.47717154 C9 

V.ARM 

C . L  
-1.8 
-0.7 
-2.3 
-8.1 

-51.6 
-2.5 

O.L 
C.O 

1L.S 
-9.9 
0.d 
C.C 
0.c 
b.0 

-64.8 
L.u 
L.O 

-75.6 
2 i . c  

-14L.C 
14b.- 

L.C 
6.L 

1L.7 
c.b  
b.6 

17.5 
14.6 
I 

-1.9 

H. A R M  

1096.90 
R39.7( 
794.5C 
858.00 
699.10 
691.6L 
315.73 
245.61 
165.14 
155.0C 
136.8f 
71.W 
71.0C 

475.48 
278.9' 
187.91 

71.(C 
7 l S q r  

521.7C 
494.3r 
24R.UC 
24R.q" 
2 4 8 . 0 ~  
I lO. rC 
135.8C 
130.0r 
88.4C 

164.60 
u 4 . w  

667.7L 

6O3.64 

::END OF THRUST DECAY 

L.AIZM 

0.- 
0.0 
1.0 
2.6 

-3.1 
105.5 

8.8 
0.C 
0.0 

-25.0 
6.4 
0.0 
0.0 
0.0 
0.0 

-59.9 
0.0 
0.0 

86.3 
113.8 

O . P  
0.0 
O.C 

-4.2 
-37.7 

0 . r  
C.P 

61.0 
-22.4 

".* 

3.5 

H. APU 

l "96.90 
R19.7C 
794.5C 
85R.CC 
699.16 
691.6C 
315.73 
245. 56 
164.84 
155.0L 
136.RC 
71.CC 
71.n0 

475.37 
778.62 
187.91 

71.LO 
71.GC 

571.3r 
4 9 4 . 7 O l l 3 . R  
748.90 
2411.7~ 
24u.r.c 
1lO.OF 
135.80 
D C . 0 0  

~ u . 4 ~  
164.60 

R4.GC 
667.70 

604.86 

PITCH 

.23810326 07 

.23478018 0 6  

. I 2 5 5 5 4 2 6  C9 

.6bC32840 C8 
,32869690 3 8  
.46248599 i 6  
.9uu03545 0 9  
.Ob0000uO 0 0  
.OOL00GCO 0 0  
.2925000U C4 
.22718616 05 
.60253674 05 
. I6737132 05 
.JXIOOOIJO UO 
. I 1 0 7 8 6 3 2  C8 
.48U51516 05 
.55790439 ~4 
.55790439 u 4  
. I 6 9 6 5 1 2 5  L5 
. 8 8 2 5 3 ~ 5 7 ~ 5  
.878399L6 5 4  
.878399L6 34 
.OG,O~~GCG uo 
.337530LG '4 
.Ob.UbbLb r? 

.00JOEOC0 uy 

.0t,Od~Lb Uc 

.00bLuucU Ub 

.O~,GCOLO eu 

.1U76044G 9 6  

.56461712 10 

. I 3 2 9 8 1 6 5  n6 

YAW 

.2381n326 C7 

.?C12430P 0 6  

. I 2 5 5 5 4 2 6  P9 

.5U657785 OR 

.30450250 0 8  

. l i 1 6 2 1 5 n  1 6  

.89879915 0 9  

.OflOOO"CO LO 

.C0OGCOOO CP 

.325COnCO 03 

.27718616 C5 

.60253674 05 

.16737132 ( 5  

.O"UOPWO ~r 

. I 1 0 7 8 6 3 2  OR 

.4@351516 iJ5 

.5579P439 Q4 
,55790439 -4  
. I 6 9 0 5 1 2 5  P5 
. 8 8 2 5 3 0 5 7 n 5  
.87839906 0 4  
. 8 7 8 3 9 9 P 6 C 4  
. q ~ " ~ t r o )  IJC 
.3 '75OC00"4 
. ~ 7 W 7 3 C O  ?r 
.CcOCPr?n 0P 
. C ~ 3 n n ~ O n  DL 
.C"O1CCnO GC 
.ornnoar r  ns 
. lC760440 C6 

.?6416696 1C 

L.APu 

0.- 
'?.(I 

1.0 
0.6 

-3.1 
105.5 

8.P 
' 
r 

-25.5 
6.4 
5.C 
C.O 
C?.c 
C.C 

-59.9 
0.C 
7 . 3  

86.3 

G.C 
0.- 
O.C 

-4.2 
-37.2 

0.0 
0.0 

61.c 
-72.4 

3 . 0  

3.5 

. 121C4122 ~7 

V.AKM 

L.C 
-1.8 
-u.7 
-2.3 
-8.1 

-51.6 
-2.5 

C.i  
6.2 

l L . u  
-9.9 

L.C 
G.U 
L 
L.L 

-64.8 
L.C 
L.G 

-75.6 
2C.d 

-14L.b 
I+L.S 

L.S 
6.3 

1C.7 
i .C 
C.G 

17.5 
14.6 

L.l> 

-1.9 

.12m94403 n7 

.539E9739 0 7  

.43594C31 C6 

. I 1 1 6 9 8 5 5  0 9  

.42593132 0 8  

.63162278 OR 

.593b3520 0 6  

.24816852 0 9  

.LOL.O>C;O OC 

. d i ( i t 5 5 ~ 3  n u  

.18720COC C4 
.22718616 05 
. I 3 0 4 9 1 8 7  Ob 

- . 8 3 5 4 ~ 6 C 5 - 0 1  
.03:OSOCC C1 
.30(.6000C GO 
.44993827 65 
.12C82576 05 

-.28663C7!3-01 
. J O O ~ ~ O ( ~  GC 
.JDGOOCCb 0 C  
.u5iOuC00 0 0  
.Onoccoec O Q  
.OOLOOCCO 3~ 
. 8 6 4 F $ 0 0 0 3 4  
.00000(iUO 0 1  
.tiJuOOQlO 0C 
. ~ > i ~ 0 0 0 0  0 0  
.OJUCOCCD PO 
.OJCCOEW U0 
.2152645C 0 6  

.47712017 C9 

SLF 

PITCH 

.2381b326 07 

.23478ClM 06 

. I 2 5 5 5 4 2 6  C9 

. 6 ~ : 3 2 8 4 0  0 8  

.3286965C 0 8  

.40248599 ~,6 

. 9 3 i L 3 5 4 5  O S  

.,IOdlid030 U i  

. O ~ L L O O C O  uo 

.2925uUSO 04 

.22718616 C5 

.6b253674 b5 -. 3 8 5 7 4 2 8 4 - i 1  

.Ob,CuL&C LG 

. luBb92LS UB 

.48L51516 -5 

.55750439 i4 
- . 1 3 2 3 4 9 7 0 - ~ 1  

. 1 b ~ 6 5 1 2 5  "5 

.88253057 L5 

.87839YCb U4 

. 8 7 8 3 9 9 ~ 6  64 

. ;U~C . )JCO 56 

.3375C'iJOC4 . ti iuL>O>C ,c, 

.9LL23Ov(r du 

.JOSLL.CIIO LC. 

.3rrvi :~bc GO 

..JGULUOSO 00 

.1L76b44C 06 

.56r79125 10 

SLF 

YAW -- 
. 2 3 8 1 ~ 2 2 6  0 7  
.2'11243"9 CC 
.125'5426 n 9  
.586577U5 68 
.3145C75' 1R 
.10562153 n6 
.A9879915 1 9  
.C9CPCP50 03 
. Q - ~ O C U C P  3': 
.325CnIOr C 3  
.2271861f  U5 
.61253674 0 %  

- .3R574284-r l  
.CcrCbcOfi C 5  
.138697(5 OH 
.4Pf51516 '$5 
.55790%79 C4 

-.13?34971-PI 
, 1 6 9 t 5 1 2 5  (15 
.RR753r57 n5 
.P75399n6 04 
. 8 7 ~ 3 9 9 ~ 6  ~4 
.FJ:O(O';OC. 
.33750COI;q4 
.G2 IArJUOQ CD 
.00UOCJL100 CP 
. ~ ' 0 ~ 0 0 n 0 1 1  OL 
. r ~ ~ c c o o n o  oc 
.OCZOOCCG Ot 
.1:760440 06 

.56134q93 1C 

SLF 





TABLE AP 2-1 ( S h e e t  8 of 9 )  
PREDICTED S - I V B - 2 0 6  MASS BREAKDOWN S 

NOSE COVE SEPARATIOiG T I E  2,000.0 1TEt.E JETTISO\!ED 

SL F SLF SLF I 1 .11653149 0 4  1 .51393260 03 1 .51393260 C3 

NOSE CaUE SEPARATION T l l r t  2,000.0 1TEl'S REI"AIN1NG 

S W W R Y  PRINTOUT T I M  2 ,398 .9  I T E K  JETTISMED 

I 1 MASS I STATIONI INCHES1 1 I401 (POUNU INCHES SCUAREI I 

31. I O X  111I AGF GAS 
17. LOX I N  TANK 

SUVWY PRINTOUT T I M  2 ,398 .9  I T E E  REMAINING 

STATlON(INCHE5l 1 COI (POUkD INCHES SQUARFl 

31. LOX I N  PORT< 
34. I n X  I N  l l Y F S  
35. IOX I N  FNGINE 
96. L O X  RFLO V A L V E  
37. l H? IILCAGF GAS 
3P. LH7 I N  TANK 
79. IHZ IN L I N F ~  
40. IH? IN ENGINF 
41. I H 7  RFLO VALVF 
47. ~ O I  O HF 0 4 1 ~ 0  1 
49. COI 0 HF C U A ~  7 
44. APZ PROP FP I 
45. A P C  PROP FP 9 
46. A P Z  HFI IIIH 
47. HYnRAlll lC  O I L  
CR. N7 MY0 fiFSFRVE 
49. AIR HYO PIIMP 
5n. HF FNG PNFU 
51. HF VFH PNEU 
57. GH7 START TANK 
53. FNV CON1 F l U l O  

TOTAL LFMAlNlNG 

33. I OX I N  PORTS 
34. (OX I N  L INFS 
35. LOX I N  FNGINE 
36. LnX RFLO Vbl VF 
37. I H7 IILLAGE GAS 
3R. LHP I N  TANK 
39. l H 7  I N  L I N F S  
40. LH7 I N  ENGINF 
41. LH2 R F l n  VALVE 
47. c n L D  HF OUAO 1 
41. COI n HE OIJAO 
44. APS PRnP FP 1 
45. APC PROP FP 3 
4 6 -  AP$ HFI I U N  
47. HYORAiII I C  0 1 1  
4P. N7 MY0 RF$FRVE 
49. AIR HYn PUMP 
50. HE ENG PNFU 

20 D e c e m b e r  1366 

746.OC 
108.CO 
-0.00 

7RC.00 
113R.RR 

38.00 
1 . 9  
-0.00 
4 8 . T  
9 6 . V  
6 1  
6 1 . r ~  

?.OF 
15.0P 

2 . ~ 0  
r . 5 ~  
7.55 
1.00 
7.00 

14.OP 

6R426.14 

SL F 
. 1 U l e 1 0 6 4  0 6  

136.8C 
71.OC 
7 i . n ~  

474.23 
275.66 
187.91 

7 1 . ~ ~  
7 

571.3C 
4 9 4 ~ 3 ~  
74R.W 
7 4 a . w  
2 4 e . n ~  
1ln.OC 
1 3 5 . 8 ~  
I ~ ~ . F C  

~ 8 . 4 ~  
164.6L 

A4.0r 
6h2.7C 

595.65 

SLF 
.11316197 07 

6.4 
0.- 
n.0 
sP.0 
".n 

-59.9 
0 . r  
9." 

R6.3 
113.R 

C.G 
n.o 
1.0 

-4.2 
-37.2 

0.0 
Q.O 

61.0 
-22.4 

9.C 

3.6 

CLF 
, 1 1 3 t 6 4 4 6  F 7  

-9.9 
L.C 
O.G 
L .C 
O.C 

-64.8 
L.L 
C a r  

-75.6 
2L.C 

-14C.b 
I~U .L  

L.U 
6.0 

1 . 7  
C.C 
C.L 

17.5 
14.6 
U.0 

-1.9 

.22718616 0 5  

.13C49142 0 6  
- . ~ 3 5 4 0 6 ~ 5 - ~ 1  

.OuOC3001~ 0 0  

.JOCc000C 0 0  

.44993827 0 5  

. 1 2 ~ 8 2 5 7 6  0 5  
-.28663( 7C-01 

.000C01PT 0 0  

.OUb9LOOU 0 6  

.OOCOGOCO 0 0  

. C O O O ~ ~ C ,  oc 
.O JCOCIOO~ 00 
.864COOC0 0 4  
. L ~ C C O ~ I O O  co 
. O J ~ O O O O O  0 0  . JUOOOCOO 9~ 
.OUGOQn00 90 
.OObCOLOC 0 0  
.215264C0 0 6  

.47169482 0 9  

.22718616 05 

.6b253674 c 5  
- . 3 8 5 7 4 2 ~ 4 - ~ 1  

.OOuGOOOO CC 

.87052228 07 

.48051516 c 5  

.55790439 ~4 -. 13234970-01 
-16965125, 0 5  

88253057 J5 
.878399d6 04 
.87839906 04 
.OO'JOJS~L ov 
,33750000 94 
. C ( I C ~ ~ J C O  00 
. O U W G U ~ ~ C  00 
. O C L O ~ U O O  ou 
.OLvGG30C JO 
. lO0000uC 00 
.1G76044C 06 

- 5 2 4 2 8 6 2 6  10 

.22718616 C5 

.hC253674 '5 
- . 3 ~ 5 7 4 2 ~ 4 - r i  

.C00POn00 Yl 

.8795?278 c7 

. 4 ~ r 5 1 5 1 6  05 

. 5 5 7 9 r 4 3 9  r 4  
-.13234970-01 

.16965125 1'5 

.8P253C57 r 5  

.87839996 0 4  

.878399c6 r 4  
. 0 0 9 0 n r n r  00 
. 3 7 7 5 3 "  0 4  
. o " o ~ ~ o ~ c  00 
, 0 n o ~ o r n o  c n  
. o n q o ~ n q o  cn 
.C"COCCCCCP 
.0COCCnOO OF 
. 1 r 7 6 0 4 4 r  n 6  

- 5 2 3 8 3 4 4 4  1 0  



TABLE AP 2-1 (Sheet 9 of 9) 
PREDICTED S-LVB-206 MASS BREAKDOWN SUMNARY 

U.1 SEPARATION 7 1 t h  3,124.8 ITEkE JETTISWED 

LM SEPARAT1M.I T I M  3,124.8 ITEE'S REki4INING 

20 December 1956 

ZFf3 O F S C 6 I P T l f l N  

77.  AOAPTFG 
78. tNCTUIINNT I J N I T  
79. FXPFWIUNT NO 7  
3 r .  54R7Ch OFY CTG 
31. I f l x  111 1  A G E  GAC 
37. ~ n x  IN TANK 
7 3 .  I OX IN p n n r c  
34. $ O X  I N  I I N F Z  
35. LOX I R  FNGINF 
26. I O X  RFI n VAI  V F  
37.  1 HZ Ill I b 6 F  GAZ 
78. I H7 I N  TANK 
79. I H7 I N  I I N F Z  
40. 1  H7  I N  FNGINF 
4 1 .  i n 7  H E L ~  V A L V F  
47. COI fl HF Ol lAn I 
47. rfll n HF O I ~ A O  7  
44 .  APZ PRnP FP 1  
45.  A P Z  P F O P  FP 7  
4h.  APZ HFI I I IM  
47 .  HVOHAllI IC O I L  
4R. hi7 tlYD F F  ZFRVF 
49.  P I E  HYI) ~ I I M O  

5 C .  HF FN6 PNF l l  
51. HF VFH PNFII 
57.  GH7 CTAFT TANK 
51. FNV CflNT E l  1110 

TnTA l  EFWAINING 

MAS? 

(POIJNOSI 

3675.GC 
4CN.0f' 

15C.CO 
71674.r.C 

547.OC 
7 5 ~ 7 . 3 5  

1 3 . m  
74h.CQ 
IOR.Cb 
-n.ro 

3Rr.nr 
913 .47  

3%.;)0 
IC.CC 
-7.r.c. 
4R.'W 
96." 
5 l .CC 
6l.1.c 

3 . 9 ~  
15.CF 

7.00 
( .5C 
7.55 
I.CS 
0  

14.0C 

7 4 6 r r . 3 1  

SLF 
. 5 3 ? 3 7 1 1 3  S6 

SLF 
.93R4878L  15 

H. Aklr 

839.7( 
699 .1 r  
h91.6C 
315 .73  
245 .54  
1 6 4 . 7 ~  
1 5 5 . 9 ~  
136 .5*  

71.FL 
7 1 . 0 ~  

4 7 3 . V  
773 .n3  
1 8 7 . 9 1  

71.0" 
7 1 . 3 ~  

521.3C 
4 9 4 . 2 ~  
248.0C 
24n.r .c 
7 4 ~ . 1 ~  
110.1:C 
135 .90  
1 3 0 . 0 r  

9 8 . 4 ~  
154 .h r  

8 4 . W  
667 .  7C 

407 .99  

SLF 
. 5 3 1 9 1 1 4 2  C6 

S T A T I C N I l N C H F S l  

t  .AFM 

1.4 
-3.1 

135 .5  
8.R 
9 .  
C.C 

-25 .1  
6.4 
0.0 
n . ~  
3 . l  "." 

- 5 9 . 4  
C.0 
9 . ?  

Sh.? 
1  13.q 

9.q 
0.0 
1.c 

-4.2 
-37 .7  

9." 
0.2 

6 1  . n  
-72 .4  

0.f .  

h.7 

SQUAPFI 

YAW 

, 7 8 6 1 2 8 3 5  " @  
.3?45P25C >R 
. 1 7 - 5 2 1 5 r  C 6  
. 8 9 8 7 9 9 1 9  109 
.Y!.P7C???" "r 
.r,1:-@nP'"l or, 
. 3 2 5 i ' n ; ~ v r 3  
. 2 2 7 1 R h 1 6  ? 5  
. 6 0 2 5 3 6 7 4  05 

- . 3 ~ 5 7 4 2 ~ 4 - ( 1  
. 0 n " i 0 9 C r  C'P 
. h V 7 5 7 5 6 4  n 7  
.4QP5151C " 
. 5 5 7 9 0 4 3 9  :4 

- . 1 3 7 3 4 9 7 ~ - n 1  
. I 6 9 6 5 1 2 5  '15 
. 8 8 2 5 3 r 5 7  '15 
.87R3990C q 4  
. 8 7 8 3 9 9 n 6  ? 4  
. c G ~ ~ c P ~ ~  10 

.3375At \ "P  ? 4  

. Y ? C ~ ~ L C  'j? 

. C 1 ! ? r " > O "  TO 

. 0 " ' ? 9 ~ ~ ~ 0  a0 

.oqccc?.ne ,.c 

.0'100?3C I n  

. l r 7 t q 4 4 n  f6 

. 2 4 5 7 2 4 0 8  1!l 

NO1 

ROLL 

. l l R 3 2 1 7 1  0 9  

.bJ162778  3 8  

.503C352C 0 6  

. 2 4 0 1 6 8 9 2  2 9  

. 'JCGCOLCJ f'.' 

. U ~ > L C , : I O ~ ~  li 

.18729c~!:  9 4  

. 2 2 7 1 5 6 1 6  0 5  

. 1 3 0 4 9 1 8 2  C h  
- . 8 3 5 4 ~ : f . r 5 - ~ ? 1  

.)tJCO09CC P I  

.JOLrCCCC 0 9  

. 4 4 9 9 3 8 2 7  P 5  

.12:R2576 0 5  
- . ~ u ~ c ~ P ~ c - Q I  

.Jt)OC!>;CC CO 
2 . '  
. 5 3 0 9 1 0 l 0  il 
.O>:.CLS?,? "c 
. J C C ~ ? ~ ? G  "> 
.864!~>'1Ci. $04 
. G O O ( . C C C P  oc  
. L C  9 
. O ~ C C ~ ' J I W  0" 
.oJ(?~I-~c C ^  
.OOCCC:OC nC 
.215264CT "6 

.434PO7C3 0 9  

V.AHW 

-4.6 
-8.1 

-51.6 
-2.5 . 
Q.C 

I*.U 
-9.9 

L . 9  
b.6 
0 . C  
U.C 

-64.0 
0 . C  
0.0 

-75.6 
2c.c 

-140.C 
1 4 i . c  

L.C 
6.C 

l c . 7  
b.L 
c.: 

17.5 
14.6 
C  .L 

-3.4 

IPOUhD I N C H t S  

P I T C H  

. 8 2 2 6 0 4 6 6  0 8  

. 3 2 8 6 9 6 9 0  C8 
+ 4 U Z 4 8 5 V 9  5 6  
.9u,-(13545 (-9 
0 0  C !  
. juru~: :o I <  
. 2 9 2 5 ~ a ~ > o  ~4  
, 2 2 7 1 8 6 1 6  i 5  
. 6 u 2 5 3 6 7 4  <I5 

-.38574284-:1 
. u ~ ~ O 0 3 C 0  ~d 

. 6 9 7 5 7 5 6 9  5 7  

.48,51516 C5 

. 5 5 7 9 0 4 3 9  ~4  -. 1 3 2 3 4 9 7 ~ 1 - c l  

. I 6 9 6 5 1 2 5  5 5  

.882531157 ~5  

. 8 7 8 3 9 Y L 6  C4 

. a 7 8 3 9 9 2 6  c 4  
0 0 
. 3 3 7 5 3 0 U u  ;4 . 0 
. b C ; C . i c C  uCI 
. 3 ~ 0 0 0 0 i 0  L C  . I ~ U ~ C C L ~  09 
. ~ S O G u 6 9 9  33 . l " 7 6 2 4 4 0  L 6  

. 2 4 6 4 3 7 7 5  1 0  



TABLE AP 2-2 (Sheet I of 2) 
PREDICTED S-IVE-206 K4SS CFARACTERISTICS SULYlIyL4R-Y 

M A S 5  
t POUNDS I 

796519.20 

296419.20 

796419.20 

796414.56 

ROLL MCI 
I SLUG FT.SQ.1 

105618,76 

165253.41 

lC5253.41 

lC5233.28 

1C5103.61 

1C4821.82 

104364.n1 

104366.18 

104364.C.7 

104363.98 

104359.08 

1(?3511,70 

19Z471.52 

103468.P5 

103459+26  

1C 3449.63 

103439.93 

103430.17 

103420.35 

103410.46 

103400.49 

103390,45 

103380.31 

10337F.OR 

103359.76 

103349.32 

1(?3338.77 

1L3328.@9 

103317.26 

1033L6.29 

103295.15 

103283.83 

103272.31 

103260.57 

1C3212.32 

103206.36 

103199.16 

103187.34 

103175.33 

103163.5.1 

103150,31 

1ll3137,17 

103123,PiL 

103109,29 

Y A W  1401 
(SLUG FT.  SO. I 

2747657.81 

2747246.75 

2747246.75 

2747220.47 

2746955.84 

2746583.03 

2745889.72 

2745543.38 

2743995.63 

2743938.53 

2741369.75 

2740151.88 

2 7 2 ~ 1 0 n . 9 7  

2726298.81 

2719301.38 

2711881.59 

2704P23.13 

2695713.41 

26R6°15.7R 

?677h48.91 

2667825.38 

2657429.97 

2646398.50 

2634666.06 

2622175.C9 

26CR85R. 16 

2594632.78 

2579389.44 

2562365.59 

2544220.91 

2524549.91 

25Q3146.72 

2479786.66 

2454199.25 

2327633,OO 

230847C. 56 

2285387.25 

2 2 4 6 9 0 2 - 3 4  

2206053.44 

2161734.75 

2113165.34 

2059374,02 

2000534,88 

1933692.16 

23 December 1.966 



TABLE AP 2-2 (Sheet 2 of 2) 
PREDICTED S-IVB-206 MASS CIURACTERISTICS SUMMARY 

H.ARH 
I INCHESI  

L.ARM V.ARC( 
I N C H E S I  I INCHES)  

ROLL not 
1 SLUG FT.SO. 



'I'11Ul.tl ill' 2-3 ( S l ~ e e t  1 of 3) 
D L F l  NI'CLC)NS 1:OK k l S S  ClIAKAC'SEKlS'YlCS 

CO?.il'U I'EI< PIIOGlW1 \.IS11 PlilNTOUTS 

Distance along the H axis from an arbitrary 

S - I V B  stage reference zero. The zero station 

is located so that the S-IVB stage engine 

gimbal point is station 100.0. Positive values 

increase in the forward direction and negative 

values are aft of station zero. 

Distance along the centerline of the S - I V B  

stage from the center of gravity of the item 

under consideration to DAC station 

A listing of all items being considered at the 
Jettisoned current computing time that will not be con- 

sidered at the next computing time. 

A listing of all items being considered at the 

current computing time that will be considered 

at the next computing time. 

Distance from the center of gravity of the 

item under consideration to the centerline 

of the S - I V B  stage along an axis perpendicular 

to the centerline and coinciding with 

position I1 and I V .  Position I1 is positive 

and position I V  is negative. 



a x i s  through i t s  own c e n t e r  of g r a v i t y  and 

p a r a l l e l  t o  t h e  V a x i s .  

Moment of i n e r t i a  about  t h e  c e n t e r  of g r a v i t y  

of  each i t e m  o r  t o t a l  of i t e m s .  

Slug f e e t  squared  

Center  of g r a v i t y  expressed  i n  terms o f  s t a g e  

c o o r d i n a t e s  when i n d i v i d u a l  i t ems  a r e  i n  a n o t h e r  

c o o r d i n a t e  sys tem.  

Time is  r e f e r e n c e d  t o  range t i m e .  A l l  computing 

was done i n  t h e  pounds, i n c h e s ,  and pound-inches 

squared  sys tem of u n i t s .  ( I tems below t h e  TOTAL 

REMAINING l i n e  were conver ted  t o  o t h e r  u n i t  

sys tems.)  Pound mass i s  d e f i n e d  a s  1 /32 .174  s l u g s .  

A summation of  t h e  i t ems  b e i n g  j e t t i s o n e d  a t  t h e  
J e t t i s o n e d  c u r r e n t  computing t ime .  

A summation of  t h e  i t ems  remaining 

Dis tance  from t h e  c e n t e r  of g r a v i t y  of i t e m  under 

c o n s i d e r a t i o n  t o  t h e  c e n t e r l i n e  of t h e  s t a g e  a long 

an a x i s  p e r p e n d i c u l a r  t o  t h e  H and L axes  and 

c o i n c i d i n g  w i t h  p o s i t i o n s  1 and 111. P o s i t i o n  I 

i s  n e g a t i v e  and p o s i t i o n  111 i s  p o s i t i v e .  

20 December 1966 



TABLE All 2-3 ( S h e e t  3 o f  3 )  

V e h i c l e  s t a t i o n  (when c e n t e r  o f  g r a v i t y  i s  e x p r e s -  

s e d  i n  c o o r d i n a t e s  o t h e r  t h a n  S-IVB s t a g e ) .  

Moment of  i n e r t i a  of  any i t e m  o r  t o t a l ,  a b o u t  a n  

a x i s  t h rough  i t s  own c e n t e r  o f  g r a v i t y  and 

p a r a l l e l  t o  t h e  L a x i s .  

: 20 December 1966 
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3 .  PREDICTED FLIGHT TRAJECTORY 

A s  of t h e  p u b l i c a t i o n  d a t e  of t h i s  document, DAC h a s  n o t  been provided 

s u f f i c i e n t  d a t a  t o  g e n e r a t e  S-I3 o r  S-IVB t r a j e c t o r i e s .  There fore ,  t h i s  

in fo rmat ion  w i l l  be  s u p p l i e d  i n  a subsequent  r e v i s i o n .  

20 December 1966 





4 ,  TELEMETRY LOOK ANGLES AND TEI'AMETRY POWER MARGINS 

A s  of t h e  p u b l i c a t i o n  d a t e  of t h i s  document, DAC has  n o t  been p rov ided  

w i t h  t h e  t r a j e c t o r i e s  n e c e s s a r y  t o  e s t a b l i s h  t h e  d a t a  f o r  t h i s  appendix.  

There fore ,  t h i s  i n f o r m a t i o n  w i l l  b e  i n c l u d e d  i n  a subsequent  r e v i s i o n .  

20 December 1966 





5. PREDICTED PROPULSION SYSTEM PERFORMANCE 

This  appendix p r e s e n t s  t h e  p r e d i c t e d  p r o p u l s i o n  system performance i n  

suppor t  of t h e  a p p l i c a b l e  S-IVB-206 m i s s i o n  o b j e c t i v e s  (paragraph 2 . 1 )  

and t h e  s t a g e  o b j e c t i v e s  ( s e c t i o n  3 ) .  The p r e d i c t i o n s  a r e  p r e s e n t e d  i n  

accordance w i t h  t h e  requirements  of NASA/MSFC c o n t r a c t  l e t t e r  

I-V-S-IVB-TD-66-45, d a t e d  7 J u l y  1966 ( r e f e r e n c e  1 4 ) .  

Tab le  AP 5-1 l is ts  v a r i o u s  p r e d i c t e d  paramete rs  of performance f o r  t h e  

p r o p u l s i o n  system and were d e r i v e d  from t h e  AA89 computer program 

p r i n t o u t .  Tab le  AP 5-2 p r e s e n t s  t h e  5-2 e n g i n e  t a g  v a l u e s  used f o r  t h e  

p r e d i c t i o n s  o f  t a b l e  AP 5-1, and con ta ined  i n  t a b l e  AP 5-3 a r e  t h e  

p r e s s u r i z a t i o n  l i m i t s  and p r e s s u r a n t  f l o w r a t e s .  Tab le  AP 5-4 c o n t a i n s  

t h e  AA89 computer program p r i n t o u t  and t a b l e  AP 5-5 d e f i n e s  t h e  p r i n t o u t  

symbols used i n  t a b l e  AP 5-4. F i g u r e s  AP 5-1 through AP 5-31 a r e  

g r a p h i c a l  p r e s e n t a t i o n s  of t h e  computer program and were produced by 

t h e  SC-4020 p l o t t e r .  

The t a b l e s  and f i g u r e s  p r e s e n t e d  i n  t h i s  appendix a r e  based on d a t a  

from t h e  S-IVB-206 s t a g e  accep tance  f i r i n g  a t  t h e  Sacramento T e s t  Cen te r  

and on Rocketdyne eng ine  t a g  v a l u e s ,  

20 December 1966 





TABLE AP 5-1 (Shee t  I of 2 )  
PEiEDICTED PERFORMANCE PARAMETERS, S-LVB-206 PROPULSION SYSTEM 

L o n g i t u d i n a l  T h r u s t  

A f t e r  PU Valve Cutback (Note 3 )  

Average LOX F lowra te  
Before  PU Valve Cutback (Note 2)  
A f t e r  PU Valve Cutback (Note 3 )  

Average LH2 F l o w r a t e  
Before  PU Valve Cutback (Note 2 )  
A f t e r  PU Valve Cutback (Note 3 )  

A f t e r  PU Valve Cutback (Note 3 )  

Average S t a g e  L o n g i t u d i n a l  
S p e c i f i c  Impulse  

Before  PU Valve Cutback (Note 2)  
A f t e r  PU Valve Cutback (Note 3 )  

Engine T o t a l  Impulse  

PU Valve Cutback Time 

S t a r t  Impulse 
Cutoff  Impulse  

Time from 90% T h r u s t  

T o t a l  D e p l e t i o n  Burntime 
(ESC t o  D e p l e t i o n )  

Loaded P r o p e l l a n t s  

Engine P r o p e l l a n t  
Consumption (90% T h r u s t  

*As used i n  t h i s  t a b l e ,  ECC r e f e r s  t o  p r o p e l l a n t  d e p l e t i o n  e n g i n e  c u t o f f ,  
No guidance c u t o f f  commands are  i n c l u d e d ,  

109 
20 December 1966 



TABLE AP 5-1 (Sheet 2  of 2) 
PREDICTED PERFORMANCE PARAMETERS, S-IVB-206 PROPULSION SYSTEM 

NOTES : 

1. Averaged o r  determined f o r  t ime p e r i o d  of 90 p e r c e n t  t h r u s t  
bu i ldup  t o  Engine Cutoff  Command (ECC). Does n o t  i n c l u d e  u l l a g e  
r o c k e t  o p e r a t i o n .  

2. During p e r i o d  when PU v a l v e  i s  a g a i n s t  t h e  LOX r i c h  s t o p .  

3 .  During p e r i o d  5  s e c  a f t e r  PU v a l v e  cu tback  u n t i l  Engine Cutoff  
Command r e c e i v e d  by t h e  engine.  

4 .  Determined f o r  t ime p e r i o d  of Engine S t a r t  Command t o  90 p e r c e n t  
t h r u s t  bu i ldup .  

5. Determined f o r  t ime p e r i o d  of Engine Cutoff  Command as monitored 
on t h e  5-2 eng ine  u n t i l  t h r u s t  decay t o  z e r o .  

6. Inc luded  i s  116 lbm LH2 and 330 lbm LOX f o r  t h r u s t  bu i ldup  
p r o p e l l a n t s .  

20 December 1966 



TABLE A P  5-2 
5-2 E N G I N E  TAG VALUES ( E N G I N E  2046) 

S p e c i f i c  i m p u l s e  

T o t a l  p r o p e l l a n t  f  l o w r a t e  

L H 2  f l o w r a t e  

LOX f l o w r a t e  I 

20 December 1966  



TABLE AP 5-3 
PRESSURIZATION LIMITS AND PRESSURANT FLOWRATES 

P r e s s u r i z a t i o n  L i m i t s  (Nominal) 

I n i t i a l  p r e s s u r e  ( p r e p r e s s u r i z a t i o n )  

Lower l i m i t  

Upper l i m i t  

Vent  l i m i t  

P r e s s u r a n r  F l o w r a t e s  (Nominal) 

LH2 S i d e :  

U n d e r c o n t r o l  

O v e r c o n t r o l  

S t e p  (ESC +299 s e c )  

LOX S i d e :  

P r imary  

Secondary  

p s i a  

p s i a  

p s i a  

p s i a  

20 December 1966 



TABLE AP 5-4 ( S h e e t  1 of 7 )  
PREDICTED S-IVB-206 PROPULSION SYSTEM PERFOWIANCE 

COMPUTER PROGRAM AA89 

2 0  D e c e m b e r  1966  





TABLE AP 5-4 (Sheet 3 of 7)  
PREDICTED S-IVB-206 PROPULSION SYSTEM PERFORMANCE 

COMPUTER PROGRAM AA89 

2 0  December 1966 



TABLE AP 5-4 ( S h e e t  4 of 7)  
PREDICTED S-IVB-206 PROPULSION SYSTEM P E R F O W C E  

COMPUTER PROGRAM AA89 

20 December 1966 



TABLE AP 5-4 (Sheet 5 of 7 )  
P R E D I C T E D  S - I V B - 2 0 6  PROPULSION SYSTEM PERFORMANCE 

COMPUTER PROGRAM AA89 

20 December 1966 



TABLE AP 5-4 ( S h e e t  6 of 7 )  
PREDICrYED S-IVB-206 PROPULSION SYSTEM PERFORMANCE 

COMPUTER PROGRAM AA89 

2 3  O e c e m b e r  1966 



TABLE AP 5-4 ( S h e e t  7 of 7 )  
PREDICTED S-IVB-206 PROPULSION SYSTEM PERFORMANCE 

COMPUTER PROGRAM AA89 

20 D e c e m b e r  1966  



ASUBM 

CSUBFEV 

1) EL 

D U G  

U I R  

ENGINE ISP 

FP S  

FSUBAUX 

FSUBE 

FUEL OVB 

GGMK 

HSUBF 

11,IPSUUT 

LPS 

0x11) OVB 

PCC 

PFPI 

POP1 

IUIOSUUF 

S t a g e  a x i a l  a c c e l e r a t i o n ,  (g )  

Vacuum t h r u s t  c o e f f i c i e n t  

PU v a l v e  p o s i t i o n  (deg )  

Atmospher ic  r e s i s t a n c e  t o  t h e  mot ion  of  t h e  v e h i c l e  

T o t a l  e n g i n e  p r o p e l l a n t  m i x t u r e  r a t i o .  The r a t i o  of  
t h e  t o t a l  e n g i n e  LOX m a s s  f l o w r a t e  t o  t h e  t o t a l  e n g i n e  
LH2 mass f l o w r a t e  

Engine  s p e c i f i c  impu l se  ( s e c )  . Engine  t h r u s t  d i v i d e d  
by e n g i n e  mass f l o w r a t e  

L112 pump speed  (RPbI) 

A u x i l i a r y  t h r u s t  ( l b f )  

S t a g e  t h r u s t  ( l b f )  

LH2 pas sed  ove rboa rd  t h r o u g h  e n g i n e  and v e n t s  ( lbm) 

Gas g e n e r a t o r  m i x t u r e  r a t i o  

He igh t  o f  LlI2 above  pump i n l e t  ( i n ) ;  computed from 
h e i g h t  v e r s u s  volurue polynominal  

He igh t  o f  LOX above  pump i n l e t  ( i n ) ;  computed f rom 
h e i g h t  v e r s u s  volume po lynomina l  

S t a g e  t o t a l  i m p u l s e  ( l b f - s e c )  

LOX pump s p e e d  (RPbI) 

LOX passed  o v e r b o a r d  t h r o u g h  e n g i n e  and v e n t s  ( lbm) 

T h r u s t  chamber p r e s s u r e  ( p s i n )  ( I n j e c t o r  s t a t i c  
p r e s s u r e )  

LH2 pump i n l e t  p r e s s u r e ,  t o t a l  ( p s i a )  

LOX pump i n l e t  p r e s s u r e ,  t o t a l  ( p s i a )  

s 
Lf12 bu l l \  de lns i ty  ( l b i n / f t  ) ;  calculateci  froin pump i n l e t  
t e m p e r a t u r e  p l u s  a  b i a s  

20 December 196b 



TAULE AP 5-5 (Slieet 2 of 3) 
UKFINITION OF SYPIBOLS USED WIT11 COFIPUTER PKOGRIWI M S 9  

DEFINITION I 
3 

LOX bulk  d e n s i t y  (lbrn/f t ) ; c a l c u l a t e d  f  roin puriip i n l e t  
t empera tu re  p l u s  a  b i a s  

LH2 pump i n l e t  t empera tu re  (deg R) 

Time from S- IVB s t a g e  eng ine  s t a r t  ( s e c )  

LOX pump i n l e t  t empera tu re  (deg R) 

GHE i n  L112 t a n k  u l l a g e  (lbm) 

GH2 i n  LH2 tank  u l l a g e  (lbm) 

T o t a l  mass i n  Lli2 t a n k  u l l a g e  (lbm) 

T o t a l  mass i n  LOX tanlc u l l a g e  (lbm) 

GHE i n  LOX t a n k  u l l a g e  (lbm) 

GOX i n  LOX t a n k  u l l a g e  (lbrn) 

LH2 tank  u l l a g e  p r e s s u r e  (psis) 

LOX tank  u l l a g e  p r e s s u r e  ( p s i a )  

3 
LH2 volume i n  t a n k  ( f t  ) 

3 
LOX volume i n  t a n k  ( f t  ) 

R a t e  of LH2 b o i l o f f  ( lbmlsec)  

Gas g e n e r a t o r  LH2 f l o w r a t e  ( lbmlsec)  

LH2 t a n k  p r e s s u r a n t  f l o w r a t e  ( lbm/sec)  

Rate of GH2 vented overboard ( lbm/sec)  

LOX tanlc p r e s s u r a n t  (GHe) f l o w r a t e  ( lbm/sec)  

Rate  of LOX b o i l o f f  ( lbm/sec) 

Gas g e n e r a t o r  LO:; f  l o w r a t e  ( lbm/sec)  

Rate  of GOX ven ted  overboard ( lbm/sec)  

Engine LHZ f l o w r a t e  ( lbm/sec)  

20 December 1966 



TABLE AP 5-5 (Sheet 3 of 3 )  
1)EFINITION OF SDfBOLS USED WITI-I COPIPUTER PROGMI AA39 

20 December 1966 

PRINTOUT SYkIBOL 

WL)OTSUBO 

WOTSUBT 

WFBOT 

WF I N  TANK 

WFPRT 

WF PU 

WFPU USABLE 

WF USABLE 

WFVOT 

WOBOT 

WO I N  TANK 

WO PU 

WOPU USABLE 

WO USABLE 

WOVOT 

WSUBFT 

WSUBHE 

WSUBO ERROR 

WSUBOT 

WSUBV 

DEFINITION 
pp 

Engine LOX f l o w r a t e  ( lbmlsec)  

T o t a l  p r o p e l l a n t  consumption, i n c l u d e s  a u x i l i a r y  
f lows (lbm/sec) 

Accumulated LH2 b o i l o f f  (lbm) 

Weight of LH2 i n  t a n k  (lbm) 

Accumulated L112 t a n k  p r e s s u r a n t  (lbm) 

PU i n d i c a t e d  LH2 weight  (lbm) 

PU i n d i c a t e d  u s a b l e  LB2 weight  (lbm) 

Usable LH2 i n  t a n k  (lbm) 

T o t a l  GH2 ven ted  overboard (lbm) 

Accumulated LOX b o i l o f f  (lbm) 

Weight of LOX i n  t a n k  (lbm) 

PU i n d i c a t e d  LOX weight  (lbm) 

PU i n d i c a t e d  u s a b l e  LOX weight  (lbm) 

Usable LOX i n  t a n k  (lbm) 

T o t a l  GOX ven ted  overboard (lbm) 

T o t a l  LH2 onboard (lbm) 

Weight of helium i n  co ld  helium s p h e r e s  

(lbm) 

Equiva len t  LOX weight  e r r o r ,  d e f i n e d  a s  LH2 weight  
(PU i n d i c a t e d )  t imes  r e f e r e n c e  mix ture  r a t i o  of PU 
system, s u b t r a c t e d  from LOX weight (PU i n d i c a t e d )  
(lbm) 

T o t a l  LOX onboard (lbm) 

T o t a l  weight  of S-IVB p l u s  payload (lbm) 



T I E  FROM 90% THRUST (SEC) 

Figure AP 5-1. LOX and LH2 Pump In le t  Pressure 



TIME FROM 90% THRUST (SEC) 

F igure  AP 5-2. LOX and LH2 Pump In l e t  Temperature 

20 December 1966 



20 December 1966 



20 December 1.966 



20 December 1965 



TIME FROM 90% THRUST (SEC) 

Figure AP 5-6. Thrust Chamber Pressure (Injector) 

2:! Deceraber 1365 



T I E  FROM 90% THRUST (SEC) 

Figure AP 5-7. Vacuum Thrust Coefficient (Injector) 

20 December 1966 



TIME FROM 90% THRUST (SEC) 

Figure AP 5-8. Engine Thrust 

20 December 1366 



TIME FROM 90% THRUST (SEC) 

Figure AP 5-9. LOX Flowrate, Pump I n l e t  

20 December 1966 
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F i g u r e  AP 5-11. Engine S p e c i f i c  Impulse 
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F i g u r e  AP 5-12. Engine M i x t u r e  R a t i o  
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Figure AP 5-13. Gas Generator LH2 Flowrate 



TIME FROM 90% THRUST (SEC) 

Figure AP 5-14. Gas Generator LOX Flowrate 
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F igu re  AP 5-15. Gas Generator  M i x t u r e  Ra t i o  
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Figure AP 5-16. LOX and LH2 Bulk Densities 
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TIME FROM 90% THRUST (SEC) 

-- - 

F i g u r e  AP 5-17. LOX Mass Onboard 
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TIME FROM 90% THRUST (SEC) 

F i g u r e  AP 5-18. LH2 Mass Onboard 
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Figure AP 5-20. LH2 Mass Overboard 
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TIME FROM 90% THRUST (SEC) 

Figure AP 5-21. LH2 T a n k  G H 2  Pressurant Flowrate 
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TIME FROM 90% THRUST (SEC) 



T I E  FROM 90% THRUST (SEC) 

Figure AP 5-23. LOX Tank Helium Pressurant Flowrate 

20 December 1566 



TIME FROM 90% THRUST (SEC) 

Figure AP 5-24. Mass i n  Cold Helium Spheres 
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Figure AP 5-25. Total LOX Boiloff  
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TIME FROM 90% THRUST (SEC) 

Figure AP 5 - 2 7 .  LOX Tank  Ullage Mass 
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6. PROPELLANT LOADING DATA 

The p r o p e l l a n t  l o a d i n g  requirements  f o r  t h e  S-IVB-206 s t a g e ,  based on  t h e  

f i n a l  p r o p u l s i o n  p r e d i c t i o n s  p r e s e n t e d  i n  appendix 5 ,  are summarized i n  

t a b l e  Aa? 6- I*  

LOX and LH2 mass sensor  c a l i b r a t i o n  d a t a  i n  t a b l e  AP 6-2 were based on 

accep tance  f i r i n g  d a t a  and p rev ious  p r o p e l l a n t  l o a d i n g  t e s t s  a t  Kennedy 

Space Cente r .  The mass and c a p a c i t a n c e  r e d u c t i o n  formulae  and r e f e r e n c e  

m i x t u r e  r a t i o  ad jus tment  a r e  shown i n  t a b l e  AP 6-3. 

The e s t i m a t e d  p r o p e l l a n t  u t i l i z a t i o n  (PU) a n a l y s i s  a c c u r a c i e s  f o r  f l i g h t  

and ground l o a d i n g ,  a s  based on t h e  i n f l i g h t  mass c h a r a c t e r i s t i c s  i n  

appendix 2, a r e  p r e s e n t e d  i n  t a b l e  AP 6-4. Tab les  AP 6-5 and AP 6-6 

c o n t a i n  t a b u l a t i o n s  of t h e  LH2 and LOX t a n k  h e i g h t  v e r s u s  volume d a t a .  

These t a b u l a t i o n s  were based on a  nominal t a n k  geometry. The S-IVB-206 

s t a g e  t ank  geometry i s  i l l u s t r a t e d  i n  f i g u r e  AP 6-1, 

P r e d i c t e d  LOX and LH2 mass sensor  n o n l i n e a r i t i e s  a r e  p r e s e n t e d  i n  

f i g u r e s  AP 6-2 and AP 6-3 and were based on accep tance  f i r i n g  d a t a .  

20 December 1966 





TABLE AP 6-1 (Sheet 1 of 2) 
PRELIMINARY PROPELLANT LOADING REQUIREMENTS SUMMARY?k 

Usable P r o p e l l a n t s  

T o t a l  u s a b l e  p r o p e l l a n t s  ( n o t e  1 )  

Nominal p r o p e l l a n t  consump t i o n  
( n o t e  2) 

A v a i l a b l e  f l i g h t  performance 
r e s e r v e  ( n o t e  3 )  

LH2 b i a s  ( n o t e  4) 

Unusable P r o p e l l a n t s  

T o t a l  unusable  p r o p e l l a n t s  

B o i l o f f  

LH2 tank  p r e s s u r a n t  ( n o t e  5) 

5-2 s t a r t  t r a n s i e n t  ( n o t e  6) 

5-2 c u t o f f  t r a n s i e n t  ( n o t e  7 )  

5-2 t rapped ( n o t e  8) 

Unava i lab le  ( n o t e  9) 

T o t a l  Desi red Load 

*The a l l o w a b l e  KSC l o a d i n g  computer t o l e r a n c e  i s  2 0 . 5  p e r c e n t  of t h e  d e s i r e d  
p r o p e l l a n t  load  i n  each t ank .  There fore ,  by root-sum-square (RSS) of t h e  
i n d i c a t e d - t o - a c t u a l  mass accuracy and KSC l o a d i n g  computer t o l e r a n c e ,  t h e  
d e s i r e d - t o - a c t u a l  l o a d i n g  accuracy is  1.12 p e r c e n t  of t h e  d e s i r e d  p r o p e l l a n t  
l o a d  i n  each t a n k ,  o r  422 lbm LH2 and 2,165 lbm LOX. 

NOTES: 1. The p r o p e l l a n t  l o a d  f o r  t h e  AS-206 f l i g h t  was d e f i n e d  u s i n g  a  
nominal burnt ime t o  s imul taneous  p r o p e l l a n t  d e p l e t i o n  of 
449.97 s e c .  

2. Th i s  q u a n t i t y  w i l l  normal ly  be burned by t h e  5-2 eng ine  between 
t h e  90 p e r c e n t  t h r u s t  l e v e l  a t  i g n i t i o n  and p r e d i c t e d  guidance 
c u t o f f  . 

3.  Nominal f l i g h t  performance r e s e r v e  a v a i l a b l e  fo l lowing  a  
p r e d i c t e d  guidance c u t o f f .  

4.  The LH2 b i a s  of 136 lbm i s  inc luded  a s  a  s t r a i g h t  l i n e  b i a s  t o  
empty and f u l l  c a l i b r a t i o n  p o i n t s  t o  minimize r e s i d u a l s  a t  
d e p l e t i o n .  

20 December 1966 



TABLE AP 6-1 (Sheet 2 of 2) 
PRELIMINARY PROPELLANT LOADING REQUIREMENTS SUMMARY 

NOTES : (Continued) 

5. This is required to pressurize the LH2 tank during burn. 
The LOX tank is pressurized by helium. 

6. These are the propellants consumed during the 5-2 engine 
start transient, which is from Engine Start Command to 
90 percent thrust. 

7 .  These are the propellants consumed during the 5-2 engine 
cutoff transient, which is from Engine Cutoff Command to 
zero thrust . 

8. These are the propellants trapped in the 5-2 engine 
following the cutoff transient. 

9. These are the unavailable propellants trapped in the tanks 
and lines, based upon depletion sensor cutoff and thrust 
decay. 

20 December 1966 



TABLE AP 6-2 ( S h e e t  1 of 2 )  
S-IVB-206 MASS SENSOR CALIBRATION 

LOX 'FUSS SENSOR 

Probe  No: E-8 

U s  age  : S-IVB-206 f l i g h t  w i t h  t r a n s f o r m e r  on  C - I B  t a p s .  

LOX LEVEL FINE RATIO ( A )  

Empty Ca l .  P t .  

F u l l  C a l .  P t .  

Probe  C a l .  P t .  

NOTES : 

1. Empty Ca l .  (Helium) R a t i o  = +0.01796; F i n e  R a t i o  = 2 ,007  lbm. 

2. Empty Ca l .  ( N i t r o g e n )  R a t i o  = +0.01868;  F i n e  R a t i o  = 2 ,154  lbm. 

3. AC (Helium) = 122.24  p f  = 0.92347;  C o a r s e  R a t i o  = 182,206 Ibm. 

4. AC ( N i t r o g e n )  = 122.14 p f  = 0.92347;  C o a r s e  R a t i o  = 182,206 lbm. 

5 .  L/C Load t o  0.97906 Coar se  R a t i o  = 193 ,273  lbm ( P r e s s u r i z e d ) .  
Maximum a c c e p t a b l e  d e v i a t i o n  from t h e  nomina l  l o a d  = +0.5%, i . e .  
0 .97421 and 0.98391.  The nomina l  c o a r s e  r a t i o  f o r  t h e  case o f  
t a n k s  p r e s s u r i z e d  i s  t h e  v a l u e  r e q u i r e d  i n  t h e  l o a d i n g  computer  
(L/C) t o  o b t a i n  t h e  d e s i r e d  p r o p e l l a n t  l o a d .  

6 ,  L/C Load t o  0 .98103 Coar se  R a t i o  = 193 ,273  lbm ( U n p r e s s u r i z e d ) .  
An L/C t o l e r a n c e  of  5 . 5 %  a b o u t  t h e  nomina l  l o a d  y i e l d s  c o a r s e  
mass r a t i o s  o f  0 .97618 and 0.98588. The nomina l  c o a r s e  r a t i o  
above  i s  t o  b e  u s e d  as t h e  i n i t i a l  100 p e r c e n t  v a l u e  f o r  t h e  
KSC p r o p e l l a n t  l o a d i n g  test .  T h i s  v a l u e  i s  b a s e d  on p r o p e l l a n t  
l o a d i n g  t e s t  d a t a  and l a u n c h  countdown d a t a .  A d d i t i o n a l  a d j u s t m e n t s  
may b e  r e q u i r e d  b a s e d  on i n f o r m a t i o n  g a i n e d  d u r i n g  t h e  CDDT. 

20 December 19b6 



TABLE AP 6-2 (Sheet  2 of 2 )  
S-IVB-206 MASS SENSOR CALIBRATION 

LH2 MASS SENSOR 

Probe No: E-10 

Usage : S-IVB-206 f l i g h t  w i t h  t r a n s f o r m e r  on C-IB t a p s .  

LH2 LEVEL 

Empty Cal. P t .  

F u l l  C a l .  P t  

Probe Cal.  P t .  

NOTES : 

1. Empty Cal.  (Helium) R a t i o  = -0.00939; F ine  R a t i o  = 75 lbm. 

2. Empty C a l .  (Ni t rogen)  R a t i o  = -0.00839; F i n e  R a t i o  = 116 lbm. 

3. AC (Helium) = 182.49 pf = 0.92347; Coarse R a t i o  = 37,520 lbm. 

4. AC (Ni t rogen)  = 182.29 pf = 0.92347; Coarse R a t i o  = 37,520 lbm. 

5. L/C Load t o  0.92636 Coarse R a t i o  = 37,636 lbm ( P r e s s u r i z e d ) .  
Maximum a c c e p t a b l e  d e v i a t i o n  from t h e  nominal l o a d  = 9 . 5 % ,  i . e .  
0.92167 and 0.93104. The nominal c o a r s e  r a t i o  f o r  t h e  c a s e  of 
t a n k s  p r e s s u r i z e d  i s  t h e  v a l u e  r e q u i r e d  i n  t h e  l o a d i n g  computer 
(L/C) t o  o b t a i n  t h e  d e s i r e d  p r o p e l l a n t  l o a d .  

6. L/C Load t o  0.92856 Coarse R a t i o  = 37,636 lbm (Unpressur ized) .  
An L/C t o l e r a n c e  of 5 . 5 %  about  t h e  nominal l o a d  y i e l d s  
c o a r s e  mass r a t i o s  of 0.92388 and 0.93324. The nominal c o a r s e  
r a t i o  above i s  t o  be  used a s  t h e  i n i t i a l  100 p e r c e n t  v a l u e  f o r  
t h e  KSC p r o p e l l a n t  l o a d i n g  test.  Th is  v a l u e  i s  based on 
p r o p e l l a n t  l o a d i n g  test d a t a  and l aunch  countdown d a t a .  
A d d i t i o n a l  ad jus tments  may b e  r e q u i r e d  based on i n f o r m a t i o n  
gained d u r i n g  t h e  CDDT. 

20 December 1966 



TABLE AP 6-3 
MASS AND CAPACITANCE REDUCTION FORMULAE 
AND REFERENCE MIXTURE RATIO ADJUSTMENT 

YASS AND CAPACITANCE REDUCTION FORMULAE 

LOX Mass = X (203,146) -5,704 

LH2 Mass = X (40,951) - 360 

LOX Capacitance = X (137.81) + 277.88 

LH2 Capacitance = A (199.57) + 969.94 

LEG X = -  
2 0 

LEG = Total integral number plus fractional 

part of fine mass LEGS traversed expressed 

as a decimal. 

Example: LEG = 18.49 indicates that 18 full 

LEGS have been traversed plus 

49/100 of the nineteenth LEG. 

REFERENCE MIXTURE RATIO ADJUSTMENT TO 4.7 

1. Cal bridges as shown 

2. Put in AC = 182.49 pf on LH2 Bridge (Helium) 

AC = 182.29 pf on LH2 Bridge (Nitrogen) 

3. Put in AC = 117.32 pf on LOX Bridge (Helium) 

AC = 117.22 pf on LOX Bridge (Nitrogen) 

4. Adjust summing point to -0.218 Volts. 

20 December 1966 



20 December 1966 



1 

1
,4

9
4

 
lb

m
 L

H
2 

a
ss

u
m

in
g

 
a

l
l

 l
e

v
e

l 
se

n
so

rs
 

a
c

ti
v

a
te

d
 

TA
B

LE
 

A
P 

6-
4 

(S
h

e
e

t 
2 

o
f 

2
) 

E
ST

IM
A

T
E

D
 P

U
 

A
N

A
L

Y
SI

S 
A

C
C

U
R

A
C

IE
S 

(3
0

 P
ro

b
a

b
il

it
y

) 

8.
 

C
o

m
b

in
in

g
 

th
e

 e
st

im
a

te
d

 
le

v
e

l 
se

n
so

r 

re
s

id
u

a
l 

a
c

c
u

ra
c

y
 

(i
te

m
 7

) 
w

it
h

 
th

e
 m

as
s 

I 
se

n
so

r 
re

s
id

u
a

l 
a

c
c

u
ra

c
y

 
(i

te
m

 6
) 

u
si

n
g

 

th
e

 w
e

ig
h

te
d

 a
v

e
ra

g
e

 t
e

c
h

n
iq

u
e

, 
th

e
 s

ta
g

e
 

PR
E

D
IC

T
IO

N
S 

LO
X

 
(

2
 lb

m
) 

e
st

im
a

te
d

 
re

s
id

u
a

l 
a

c
c

u
ra

c
y

 
a

t 
EC

C 
is

: 
I 

I 
I 

LH
2 

(
2

 lb
m

) 

4
 7 

--
 

7.
 

E
st

im
a

te
d

 
o

v
e

ra
ll

 l
e

v
e

l 
se

n
so

r 
a

c
c

u
ra

c
y

 
o

f 

p
ro

p
e

ll
a

n
t 

re
s

id
u

a
ls

 a
t 

EC
C

 
a

s
 d

e
te

rm
in

e
d

 

b
y

 
th

e
 w

e
ig

h
te

d
 

a
v

e
ra

g
e

 
te

c
h

n
iq

u
e

 b
a

se
d

 
o

n
 

FL
OW

 
PU

 
FL

IG
H

T
 

W
EI

G
H

TE
D

 
IN

T
E

G
R

A
L

 
SY

ST
EM

 
SI

M
U

L
A

T
IO

N
 

A
V

ER
A

G
E 
-
 

TO
TA

L 
(
f
 l

b
m

) -
 

3
4

0
 

3
3

 7
 

9
. 

T
h

e 
to

ta
l 

p
ro

p
e

ll
a

n
t 

lo
a

d
 a

s 
d

e
te

rm
in

e
d

 
1 

-
 

+
0

.7
%

 
( +

0
.8

%
 

-
 

-
 

1 
-
 

+O
n 

2
6

1
%

 
1 

+
0

.3
%

 
I 

I 
p

re
d

ic
te

d
 

re
s

id
u

a
ls

 
o

f 
3

,1
4

1
 l

b
m

 L
O

X
 

an
d

 

a
f

te
r

 t
h

e
 f

li
g

h
t,

 b
a

se
d

 
o

n
 

p
re

d
ic

te
d

 p
o

st
- 

I 
I 

I 
1 

f
li

g
h

t 
a

n
a

ly
s

is
 w

il
l 

b
e

 
a
s 

fo
ll

o
w

s:
 
j
j
_
_
 



TABLE AP 6-5 (Sheet 1 of 3) 
SATURN S-IVB-206 HEIGHT VERSUS VOLUME 
LH2 TANK - GROUND LOADING CONDITION 

164 
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TABLE AP 6-5 ( S h e e t  2 of 3) 
SATURN S-IVB-206 HEIGHT VERSUS VOLUME 

LH2 TANK - GROUND LOADING C O N D I T I O N  

HEIGHT 
(IN. ) 

VOLUME 
(FT3> 

HEIGHT VOLUME 
(IN.)  (FT3> 

20 December 1966 

HEIGHT 
( I N . )  

VOLUME 
(I?T3> 

6127.906 
6157.766 
6187.626 
6217.487 
6247.348 
6277.210 
6307.073 
6336.937 
6366.803 
6396.670 
6426.539 
6456.410 
6486.283 
6516.158 
6546.035 
6575.916 
6605.799 
6635.685 
6665.574 
6695.466 
6725.362 
6755.261 
6785.164 
6815.071 
6844.982 
6874.897 
6904.816 
6934.740 
6964.668 
6994.601 
7024.538 
7054.480 
7084.427 
7114.379 
7144.336 
7174.297 
7204.264 
7234.235 
7264.212 
7294.194 
7324.180 
7354.172 
7384.169 
7414.170 
7444.177 
7474.188 
7504.203 
7534.223 
7564.248 
7594,276 



T A B L E  AP 6-5 (Sheet  3 of 3) 
SATURN S - I V B - 2 0 6  K E I G H T  V E R S U S  VOLUME 

L H 2  TANK - GROUND L O A D I N G  C O N D I T I O N  



T A B L E  AP 6-6 (Sheet  1 of 2 )  
SATURN S - I V B - 2 0 6  H E I G H T  V E R S U S  VOLUME 

LOX TANK - GROUND L O A D I N G  C O N D I T I O N  

H E  I GHT 
( I N . )  

VOLUME 
( F T 3 >  

H E I G H T  
( I N .  

VOLUME 
( F T 3 >  

H E  I GHT 
( I N .  

VOLUME 
(FT3> 
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T A B L E  A P  6-6 (Shee t  2 of  2 )  
SATURN S - I V B - 2 0 6  H E I G H T  V E R S U S  VOLUME 

LOX TANK - GROUND L O A D I N G  C O N D I T I O N  

20 D e c e m b e r  1966 
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LH2 MSS (1,000 LBM) 

Figure AP 6-2. Total LH2 Nonlinearity 
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Figure AP 6-3. Total LOX Nonlinearity 
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7. PREDICTED SEPARATION AND CONTROL PERFORMANCE 

7 .1  General  

T h i s  appendix c o n t a i n s  p r e d i c t e d  s t a g e  s e p a r a t i o n ,  p r e f l i g h t  c o n t r o l  

t r a n s i e n t  s i m u l a t i o n s ,  and c o n t r o l  performance curves  ( f i g u r e s  AP 7-1 

through AP 7-7). 

Nominal r e l a t i v e  'motion and p r e d i c t e d  s e p a r a t i o n  h i s t o r y  between 

t h e  S-IB and t h e  S-IVB s t a g e s  ( f i g u r e s  AP 7-6 and AP 7-7) were  d e r i v e d  

by u s i n g  S-IBIS-IVB s e p a r a t i o n  a n a l y s i s  f o r  AS-206 and p r e s e n t e d  t o  

MSFC i n  t h e  DAC l e t t e r  A3-860-KACA-4.43.9-L-2691 ( r e f e r e n c e  15) d a t e d  

2 1  September 1966. The S-IBIS-IVB s e p a r a t i o n  sequence w i l l  b e  i n i t i a t e d  

0.5 s e c  later  t h a n  on AS-201 th rough  AS-203. 

7.2 P r e d i c t e d  P r e f l i g h t  Cont ro l  T r a n s i e n t  S imula t ion  

Body a t t i t u d e  t r a n s i e n t s  of v a r y i n g  magnitude a r e  expec ted  fo l lowing  

S-IB/S-IVB s e p a r a t i o n ,  a c t i v e  guidance i n i t i a t i o n  and i n t r o d u c t i o n  of 
'L 

c h i  t i l d e  (x) guidance mode. The nominal t r a n s i e n t s  expec ted  d u r i n g  

t h e s e  p e r i o d s  o f  f l i g h t  w i l l  b e  s i m u l a t e d  and graphs  o f  t h e  r e s u l t i n g  

a t t i t u d e  e r r o r s ,  APS f i r i n g s ,  and eng ine  d e f l e c t i o n s  w i l l  b e  i n c l u d e d  

i n  a r e v i s i o n  t o  t h i s  document. The s i m u l a t i o n  program s o l v e s  t h e  v e h i c l e  

e q u a t i o n s  of motion f o r  t h r e e  r o t a t i o n a l  degrees  o f  freedom. The 

e q u a t i o n s  of motion i n c l u d e  t h e  main eng ine  c o n t r o l  sys tem e q u a t i o n s  

(wi th  servo-loop n o n l i n e a r i t i e s ) ,  r o l l  c o n t r o l  sys tem e q u a t i o n s  

ST-124M s t a b l e  p l a t f o r m  e q u a t i o n s  (wi th  t r a n s p o r t  d e l a y s ) ,  and t h e  

e q u a t i o n s  r e p r e s e n t i n g  aerodynamic f o r c e s ,  p r o p e l l a n t  s l o s h i n g  f o r c e s ,  

and u l l a g e  r o c k e t  and main e n g i n e  t h r u s t  v e c t o r  misalignment.  
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TIME FROM SEPARATION (SEC) 

F i g u r e  AP 7 - 7 ,  AS-206 S-IBIS-IVB P r e d i c t e d  Separa t ion  H i  s t o r y  
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8. ADDITIONAL PREDICTED PERFORMANCE DATA 

This  appendix p r e s e n t s  a d d i t i o n a l  p r e d i c t e d  performance d a t a  and d e s i g n  

performance l e v e l s .  

F i g u r e  Al? 8-1 p r e s e n t s  p r e d i c t e d  S-IVB-206 h y d r a u l i c  sys tem o p e r a t i n g  

l e v e l s ,  which a r e  based upon accep tance  f i r i n g  d a t a .  F i g u r e s  AP 8-2 

and AP 8-3 show t h e  forward and a f t  p r e d i c t e d  b a t t e r y  l o a d  p r o f i l e s  based 

on t h e  S-IVB-206 accep tance  f i r i n g  performance. 

The d a t a  a c q u i s i t i o n  sys tem performance l e v e l s  i n c l u d e  t h e  fo l lowing :  

a .  Radio Frequency 

(1) The s i g n a l  s t r e n g t h  of t h e  RF l i n k  s h a l l  be  g r e a t e r  t h a n  

f i v e  m i c r o v o l t s  a t  t h e  r e c e i v e r  o f  one o r  more ground 

s t a t i o n s .  The t ime s h a l l  be  from a c q u i s i t i o n  a t  any 

s t a t i o n  t o  l o s s  of s i g n a l  a t  t h a t  s t a t i o n .  

(2) The o u t p u t  of a l l  RF assembl ies  s h a l l  b e  15 w a t t s  minimum 

under  a l l  o p e r a t i v e  and environmental  c o n d i t i o n s .  

(3)  The v o l t a g e  s t a n d i n g  wave r a t i o  as computed from forward 

and r e f l e c t e d  power s h a l l  n o t  exceed 1 .8:  1. 

20 December 1966 
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9 .  RADIO FREQUENCY ALLOCATION 

The i o l l o w i n g  r a d i o  f r e q u e n c i e s  w i l l  b e  used f o r  S-IVB-%Ob t e l e m e t r y  

and range s a f e t y  t r a n s m i t t e r s :  

20 December 1966 





10. GLOSSARY AND ABBREVIATIONS 

This appendix (table AP 10-1) Lists the commonly used S-IVB-206 stage 

flight test plan terms and abbreviations together with their definitions. 
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TABLE AP 10-1 (Sheet 1 of 1 2 )  
GLOSSARY AND ABBREVIATIONS 

Abbrev ia t ion  T e  rx Def L r i i  t i o n  

Des igna t ion  cT DAC propul s l o n  system 
p e r f : ) r m a n c ~  co:fiputer program 

Des igna t ion  of DAC m e t e o r o l o g i c a l  
system com~.-l ter  program 

-- Au:ciliary a t t i t u d e  c c n t r o l  system 

Des igna t ion  of 3AC S-TE t r a j e c t c r y  
s i rnu la t ion  compl-lter program 

Des igna t i  on of DAC Saturr .  S-IVC r a d a r  
lool< a n g l e  compu-er program 

-- Alt!:rnat<irlg c u r r e n t  

Des igna t ion  of DAC S-IVB t r a j e c t o r y  
s i m u l a t i o n  computer program 

Aerodynamically induced The o s c i l l a t i o n  of a  mechanical  system 
v i b r a t i o n  when s e t  i n t o  motion by t h e  t u r b u l e n t  

boundary l a y e r  dur ing  f l i g h t .  It i s  
dependent on t h e  shape and v e l o c i t y  
of t h e  body 

-- Ampere amp 

APS 

AS 

AS1 

AST 

-- A u x i l i a r y  propuls ion system 

-- Apollo  Sa tu rn  

-- Augmented s p a r k  i g n i t e r  

-- A l l  systems t e s t  

-- Throa t  a r e a  

-- A u x i l i a r y  aux 

Average m i x t u r e  r a t i o  The t ime  average  of t h e  p r o p e l l a n t  
m i x t u r e  r a t i o  over  1-sec t ime  i n t e r v a l s  
between 90 p e r c e n t  t h r u s t  bu i ldup  and 
Engine Cutoff  Command 

Average t h r u s t  o r  
s p e c i f i c  impulse  

Determined between t h e  t ime  of 
90 p e r c e n t  t h r u s t  and Engine Cutoff  
Command 

Hind azimuth (deg) 
2 

A x i a l  a c c e l e r a t i o n  ( f t l s e c  ) 
%J 

*XM 
BPC Boost p r o t e c t i v e  cover 

Btu B r i t i s h  thermal  u n i t  

CDDT Countdown demonstra.tion t e s t  

CECO S-IC s t a g e  Cen te r  Engine Cutoff  Command 
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TABLE AP 10-1 (Sheet 2 of 12) 
GLOSSARY AND ABBREVIATIONS 

ABBREVIATION TERM DEFINITION 

f 
Collapse factor A measure of the effectiveness of 

pressurization defined as: 

cf = Mactual , where M actual: 
Mtheoret ical 

is the mass necessary to pressurize 
the propellant tank (lbm) 

Mtheoretical 
: is the mass necessary 

to pressurize the propellant tank if 
heat and mass transfer across the 
ullage boundaries are neglected (lbm) 

cant 

CPLF 

CPm 

CPS 

C SM 

cvs 
DAC 

DAC /FTC 

DAC /HB 

db 

dbm 

dbw 

d c 

deg 

Composite data 
(acoustic and 
vibration) 

Command module 

The total energy of the oscillatory 
phenomenon, consisting of all 
frequencies and amplitudes sensed by 
the transducers, and represents the 
phenomenon at the point of measurement 
within the limitations of the data 
acquisition and reduction systems 

Control 

Cost plus incentive fee 

Cycles per minute 

Cycles per second 

Command Service Module 

Continuous vent system 

Douglas Aircraft Company, Inc. 

Douglas Aircraft Company, Inc. / 
Florida Test Center 

Douglas Aircraft Company, Inc./ 
Huntington Beach 

Douglas Aircraft Company, Inc. / 
Sacramento Test Center 

Decibel 

10 log P (milliwatts) where p = power 

10 log P (watts) 

Direct cur ren t  

Degree 
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TABLE AP 10-1 (Sheet 3 of 12) 
GLOSSARY AND ABBREVIATIONS 

Abbreviation Term Definition 

-- Depletion Engine Cut- The time that engine cutoff was, or 
off Command would be, initiated by the depletion 

level sensors 

DDAS 

DEE 

Digital data acquisition system 

Digital events evaluation 

D/O -- Dropout 

DPS 

DRSCR 

e 

EBW 

ECA 

ECC 

EC F 

Descent propulsion stage (part of 
lunar module) 

Digital range safety command receiver 

Eccentricity 

Exploding bridgewire 

Electrical control assembly 

Engine Cutoff Command 

End conditions of flight 

ECP -- Engineering change proposal 

EC S -- Environmental control system 

EDS -- Emergency detection system 

-- Effective burntime The engine burntime from 90 percent 
thrust buildup to Engine Cutoff Command 

ELS 

EMC 

EM1 

Earth landing system 

Electromagnetic compatibility 

Electromagnetic interference 

EMR Engine propellant The ratio of engine LOX mass flowrate 
mixture ratio to LH2 mass flowrate. Includes gas 

generator operations 

-- Engine 

Engine cutoff The guidance cutoff time referred to 
(applicable for in this issue of the test plan is 
original issue of intended to be a representative event 
flight test plans time and should not be construed as 
only) the DAC predicted guidance cutoff 

time. The DAC predicted guidance 
cutoff time is undetermined at this 
date due to lack of trajectory 
information 

Engine operation during the period 
from the Engine Cutoff Command until 
the end of thrust decay 

Engine cutoff 
transient 
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TABLE AP 10-1 (Sheet 4 of 12) 
GLOSSARY AND ABBREVLATIONS 

\Abbreviation Term 

EP S -- 
ESC -- 
-- Engine start transient 

Definition 

Electrical power system 

Engine Start Command 

Engine operation during the period from 
the Engine Start Command until the time 
of 90 percent thrust (approximately a 
3-sec period) 

-- Engine steady-state 
operat ion 

Engine operation during the period 
from the time of 90 percent thrust 
until Engine Cutoff Command 

End of thrust decay ETD 

env 

ETR 

OF 

F 

Environmental 

Eastern Test Range 

Degree fahrenheit 

Thrust (lbf) developed by the 5-2 
engine, Ullage rocket thrust is not 
included 

Stage longitudinal 
thrust 

Designation of DAC propulsion system 
performance computer program 

Ullage rocket thrust (lbf) 

That propellant mass history determined 
by combining independent engine analyses 
by a statistical method 

Flow integral propel- 
lant mass history 

Frequency modulation FM 

FPR Usable mass onboard at predicted 
guidance cutoff 

Flight performance 
reserve 

Feet per second fps 

ft 

FTC 

g 

Foot 

Florida Test Center 

Gravitational acceler- 
ation 

The acceleration produced by the force 
of gravity, which varies with the 
altitude and elevation of the point of 
observation, The value 32.1739 f t/sec2 
has been chosen as the standard by 
international agreement for sea level 
at 45' north latitude 

Guidance and navigation 
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TABLE AP 10-1 (Sheet 5 of 12) 
GLOSSARY AND ABBREVIATIONS 

Abbreviation 

GCC 

GG 

GH2 

GMT 

GN 2 

GOX 

gpm 

GSE 

GSFC 

h 

h (AP) 

HB 

He 

HF 

H-Q 

hr 

i 

IECO 

IGM 

IMU 

in. /in. 

IP CL 

ips 

Term Definition 

-- Guidance Cutoff Command 

-- Gas generator 

Gaseous hydrogen 

Greenwich mean time 

-- Gaseous nitrogen 

-- Gaseous oxygen 

-- Gallons per minute 

-- Ground support equipment 

Goddard Space Flight Center, 
Greenbelt, Maryland 

Altitude 

-- Apogee altitude 

-- Huntington Beach, California 

-- Helium 

-- High frequency 

-- Head vs discharge flowrate 

-- Hour 

-- Inclination 

S-IB stage Inboard Engine Cutoff 
Command 

Iterative guidance mode 

-- Inertial measurement unit 

-- Inches per inch (strain) 

Instrumentation Program and Components 
List 

-- Inches per second 

-- Specific impulse 

Total impulse 

Instrument Unit 

Insulation thermal conductivity 

Kilocycles 

Kennedy Space Center 
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TABLE AP 10-1 (Sheet 6 of 12) 
GLOSSARY AND ABBREVIATIONS 

ABBREVIATION 

lbf 

lbm 

LM 

LUT 

MDF 

MHz 

Hod 

MOV 

m s 

MSC 

MSFC 

MSFN 

mvac 

mxr 

N /A 

NASA 

TERM 

-- 
Pounds mass 

-- 
-- 
-- 
-- 
-- 
-- 

Millisecond 

-- 

-- Ninety percent thrust 
buildup 

m i  

NO 

No. 

N2°4 
NPSH 

NPV 

OAT 

OECO 

NTO 

DEFINITION 

Pounds force 

1132.1739 slug 

Lunar Module 

Launcher umbilical tower 

Mild detonating fuse 

Millihertz 

Module 

Main oxidizer valve 

Thousandth of a sec 

Manned Spacecraft Center, Houston, 
Texas 

Marshall Space Flight Center 

Manned Space Flight Network 

Millivolt - direct current 
Multiplexer 

Not applicable 

National Aeronautics and Space 
Administration 

Normally closed 

Time from Engine Start Command until 
the last engine chamber pressure 
(injector end) reaches 618 psia 

Nautical mile 

Normally open 

Number 

Nitrogen Tetroxide 

Net positive suction head 

Nonpropulsive vent 

Overall test 

S-IB or S-LC stage Outboard Engine 
Cutoff Command 

Zero to peak 

Oxidizer 
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TABLE AP 10-1 (Sheet  7 of 1 2 )  
GLOSSARY AND ABBREVIATIONS 

Abbrev ia t ion  

PAM 

-- 

PCP 

PCM 

PL) 

PMR 

P  S  

PIS 

PSD 

ps  i a  

ps  i d  

p s i g  

PTCS 

p / u  

PU 

Term 

-- P i t c h  

D e f i n i t i o n  

-- Ambient p r e s s u r e  

-- 
Payload 

Programmed m i x t u r e  
r a t i o  

Combustion chamber p r e s s u r e  measured 
a t  t h e  i n j e c t o r  

P r e s s u r e  a c t u a t e d  

Des igna t ion  of DAC p r o p u l s i o n  system 
performance computer program 

P u l s e  ampl i tude modulat ion 

A l l  p o r t i o n s  of t h e  v e h i c l e  above t h e  
S-IVB/IU 

P r e c o n d i t i o n s  of f l i g h t  

P u l s e  code modulat ion 

P r o p e l l a n t  d i s p e r s i o n  

A method of c o n t r o l l i n g  t h e  PU v a l v e  
m i x t u r e  r a t i o  t o  o b t a i n  maximum 
e f f i c i e n c y  of t h e  s t a g e .  The pro- 
p e l l a n t  load ing  i s  provided t o  c a u s e  
t h e  FU system t o  command t h e  PU v a l v e  
a g a i n s t  t h e  LOX r i c h  s t o p  Eor t h e  
i n i t i a l  p o r t i o n  of f l i g h t  and t h e n  
d e c r e a s e  t o  a  lower m i x t u r e  r a t i o  
d u r i n g  t h e  f i n a l  p o r t i o n  of f l i g h t  

-- P a r t  number 

-- P a r t s  p e r  m i l l i o n  

Prope l la r l t  r e s i d u a l s  The sum of LOX and Lh2 remaining on- 
board a t  Engine Cutoff  Command. The 
r e s i d u a l s  i n c l u d e  b o t h  u s a b l e  and 
t r a p p e d  p r o p e l l a n t s  

P r e s s u r i z a t i o n  system 

P u l s e  s e n s o r  

Power s p e c t r a l  d e n s i t y  

Pounds p e r  square  i n c h  a b s o l u t e  

Pounds p e r  square  i n c h  d i f f e r e n t i a l  

Pounds p e r  square  i n c h  gauge 

P r o p e i l a n t  t ank ing  computer sysEem 

Pickup 

P r o p e l l a n t  u t i l i z a t i o n  
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TABLE AP 10-1 (Sheet 8 of 12) 
GLOSSARY AND ABBREVIATIONS 

Abbreviation Term Definition 

-- PU system propellant That propellant mass history determined 
mass his tory for flight by the PU system 

-- PU system residuals Those propellant residuals above the 
main propellant valves determined by 
the PU system 

4 -- Dynamic pressure 

Quantity 

Degree rankine 

RAC S -- Remote analog calibration system 

RCS -- Reaction control system 

Regulator 

Radio frequency 

KFI -- Radio frequency interference 

rms -- Root mean square 

RP 

rp* 

R/S 

RSCR 

rss 

s 
S &A 

scfm 

scim 

SCO 

SCS 

sec 

S-I1 

An event time used as reference for 
S-IVB stage flight evaluation sequence 
of events. Defined as the first 
Greenwich mean time second prior to 
vehicle liftoff 

Reference plane 

Revolutions per minute 

Range safety 

Range safety command receiver 

Root sum square 

Surface range (ft) 

Safe and Arm device 

Standard cubic ft/min 

Standard cubic in./min 

Subcarrier oscillator 

Stabilization and control system 

second 

Second stage of the Saturn V (500) 
series of vehicles 

First stage of the Saturn IB (200) 
series of vehicles 
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TABLE AP 10-1 (Sheet 9 of 12) 
GLOSSARY AND ABBREVLATIONS 

Abbreviation 

S-IVB 

SLA 

SLO 

-- 
SPI 

SM 

SPS 

SOV 

SS 

SSB 

SSS 

sta 

STC 

s /V 
Sw sel 

T 

TBD 

Tel 2 

t k 

T /M 

Term Definition 

First stage of the Saturn V ( 3 6 0 )  
series of vehicles 

Second stage of the Saturn iB ( 2 0 0 )  
series of vehicles and third stage of 
the Saturn V (500) series of vehicles 

-- Spacecraft LM adapter 

-- 
S lug 

Simulated liftoff 

English system unit of mass 

-- Santa Monica 

-- Service module 

Service propulsion system 

Shutoff valve 

Single sideband modulation 

Single sideband 

-- Stage switch seleccor 

-- Station 

Statistical weighted The niost accurate determination of 
average loaded actual propeilant load at liftoff as 
propellants derived from the statistically weighted 

average mass 

Statistical weighted A statistical combination of the PU 
average mass system, engine system, flight 
determination simulation, and propellant level 

sensors at Engine Start Command and 
Engine Cutoff Command 

Statistical weighted The most accurate determination of 
average residual actuai propellant residuals at Engine 
propellants Cutoff Command as derived from the 

statistically weighted average mass 
determination method 

Sacramento Test Center 

Space vehicle 

Switch selector 

Countdown time from prospective liftoff 
or as specifically defined in the text 

To be determined 

Telemetry station at KSC 

Tank 

Telemetry 
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TABLE AP 10-1 (Sheet 10 of 12) 
GLOSSARY AND ABBREVIATIONS 

Abbreviation Term Def in i t i on  

TPEP Telemetry performance eva lua t ion  
per iod  

TWX -- Teletype 

-- T o t a l  dep le t ion  burn- The engine burntime from Engine S t a r t  
t i m e  Command t o  t h e  time t h a t  t h e  Deplet ion 

Engine Cutoff Command would have been 
i n i t i a t e d  

-- T o t a l  p rope l l an t s  That amount of l i q u i d  p r o p e l l a n t s  
consumed consumed from Engine S t a r t  Command 

t o  Engine Cutoff Command. Inc ludes  
engine consumption, b o i l o f f ,  and LH2 
tank  pressurant  

-- Tota l  s t a g e  burntime The engine burntime from Engine S t a r t  
Command t o  Engine Cutoff Command 

-- Tota l  s t a g e  mass A compilat ion of a l l  f i n a l  hardware, 
h i s  t o r y  p rope l l an t ,  and gas masses. The measured 

and computed mass of each c o n s t i t u e n t  
i s  ad jus ted  wi th in  i t s  accuracy band so 
t h a t  t h e  t o t a l  s t age  mass a t  Engine 
S t a r t  Command and Engine Cutoff Command 
agrees wi th  t h e  t o t a l  s t a g e  mass a s  
determined by t h e  S t a t i s t i c a l  Weighted 
Average mass determinat ion method 

TP&E -- Tes t  Planning and Evaluat ion 

Unusable p rope l l an t s  Those p rope l l an t s  remaining a f t e r  a  
p rope l l an t  dep le t ion  c u t o f f ,  This  in- 
c ludes t h e  p rope l l an t s  i n  t h e  tank  below 
t h e  dep le t ion  sensor ,  p r o p e l l a n t s  i n  
t h e  feed  duc t ,  and t rapped p rope l l an t s .  
It does not  inc lude  sensor  l a g  time o r  
t h e  p rope l l an t  consumed during engine 
cu tof f  bu t  does inc lude  sensor  t ime 
de lay  

U/R -- 
-- Usable r e s i d u a l s  

Ullage rocket  

P rope l l an t s  i n  excess of t rapped pro- 
p e l l a n t s  l e f t  onboard a  s t a g e  a f t e r  
powered f l i g h t  has been terminated by 
some s p e c i f i e d  cu tof f  c r i t e r i a  

Volt  

Re la t ive  v e l o c i t y  
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TABLE AP 10-1 (Sheet I1 of 12) 
GLOSSARY AND ABBREVIATIONS 

Abbreviation Term Definition 

Inertial velocity V~ 

vm 

vw 
VAB 

Freestream velocity 

Wind speed 

Vehicle Assembly Building, KSC, 
Florida 

Voltage, alternating current 

vdc 

VCO 

VHF 

VSE 

VSWR 

Voltage, direct current 

Voltage controlled oscillator 

Very high frequency 

Vehicle support equipment 

Voltage standing wave ratio 

Watt 

DAC work release order 

Designation of DAC mass character- 
istics computer program 

Weight 

Time rate of change of total vehicle 
weight 

Downrange distance 

Downrange velocity 

Yaw 

Vertical distance 

Vertical velocity 

Crossrange distance 

Crossrange velocity 

Pitch angle of attack 

Product of angle of attack and dynamic 
pressure 

Yaw angle of attack 
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TABLE AP 10-1 (Sheet 12 of 12) 
GLOSSARY AND ABBREVIATIONS 

Abbreviation Term Definition 

Earth fixed flight path elevation 
angle 

Inertial flight path elevation angle 

Inertial flight path azimuth angle 

?J -- Longitude 

~.l i n . .  micro inch per inch Millionth of an inch 

I.lv -- Microvolt 

P -- Geodetic latitude 
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